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ylinder Block 
Weight 90 Ibs, 
by courtesy of 


AMlustration by courtesy of 
Troneport (Thornycroft) 


METALS LTD 


: 
7 Weight 633 Ibs. 
: TELEPHONE: COVENTRY 89031 (6 LINES). TELEGRAMS: STER COVENTRY 
a so Manufacturers of Sand and Gravity Die Castings in Aluminium and “ELEKTRON” Magnesium Alloys er 
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Jaguar XK 120 


included as standard 
equipment in many 
makes of cars. They are 


also fitted in a large number of cars made for racing and competition work. 


A tribute to their st 


who states-- ‘Throughout the many races and trials in which our cars have 
participated, often with considerable success, not once have your Torsion Bars 
given the slightest sign of trouble’. 


ENGLISH 


ESC Torsion Bars are 


The Bristol Type 401 


erling quality comes from one of the leading makers 


nATI|ON 


SHEFFIELD 
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FOUR, FIVE, SIX AND EIGHT SPINDLE 
AUTOMATICS provide production engineers 


SPINDLES J SPINDLES 
3” bar 13°, 12” or 23 
capacity | bar capacity 


28” bar P 13” bar 


Fast producing Wickman Multi- 

spindle Automatics can now be Wickman 23” Six Spindle 
applied to a wider range of jobs Bar Automatic 
than ever before. The tooling 

opportunities can be easily visual- 

ised from the illustrations above 

The Wickman patent auto-setting gai 
mechanism is incorporated in all @& 

machines of the range and altera- 

tions to tool feed strokes and bar 

feed are accomplished without 

cam changing. The full fast 

approach stroke is unaltered by 

this mechanism, setting up is 

simplified and change-over time 
reduced—that's why these auto- 

matics can be considered for short 

run jobs as well as long runs on 

one component. 


Wickman 5-spindle automatics are also available for chucking work in 5° and 6” capacities. 


WICK MAN of COVENTRY 


LONDON BRISTOL BIRMINGHAM MANCHESTER 
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Sh-Sh-Shake 
it how you will, 
the great thing about 
the Nyloc Nut is that, once it is 
screwed on, nothing can budge it except 
a spanner. Its special nylon insert locks so 
tightly on the bolt that you can vibrate it for 
hours on end and it still won’t loosen. Heat it up to 200°C, 
freeze it to -65 C, soak it in oil or moisture — the Nyloc 
always stays put and it can be used over and over again. 


| \ 

f | 
{ 


The Fibre Nut ._~’ with its fibre insert and the Pinnacle Nut . |’ with 


its metal diaphragm are equally tenacious. If you have any problem that involves 


vibration, one of these three is the nut you are looking for. Let us advise you which is best 


Girton SELF-LOCKING NUTS 


SIMMONDS AEROCESSORIES LIMITED - TREFOREST - GLAMORGAN 


Also Birmingham, Stockholm, Melbourne, Sydney, Amsterdam and Milan. 


for your particular job, 


CRC 8N 
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ratchets and other profiles. 


the tooth face. 


Lorenz gear shapers are made 
as shown below. 


AUTOMATIC HIGH-SPEED 


These machines shape by the generating process 
with a pinion type cutter for spur and helical gears 
The Lorenz method is ideal for the production of 
precise internal and external gearing, sprockets, 


During the cutting stroke the tool is moved up 
and down and rotated so that the tool and work 
execute the movement of two meshing 
gears. This method ensures maximum 
accuracy and smooth flanks of the work 
The tool is re-sharpened by simply grinding 


Special attachments are available for genera- 
ting helical gears, gear trains, 
rack gears, shaping between centres, etc. 


face gears, 


in five sizes 


Model SV00 — 


WICK WAN of COVENTRY 


LONDON BRISTOL BIRMINGHAM MANCHESTER 
LEZDS GLASGOW NEWCASTLE BELFAST 


1953 
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AUTOMATIC GEAR HOBBERS 


High production machines of extreme 
accuracy for the manufacture of spur, 
helical, worm wheels, and special gearings 
are made for work of pitch diameters from 
23” to 63° and diam. pitch/module 4 23/6 


| AUTOMATIC GEAR SHAPERS | 
mover |sv oo] ss |s7 s00|s7 1000 
| Pitch diam | var | 199° | 40 
| Face width 3 54 65,16 
Di 
| Diam. pitch | } 
64 | 66 | 36,7] 367 
—* 


STa 


GENERAL LIGHTING SERVICE LAMPS 40w.-— 300w. 
200/260 volts 


ALL 


EXHAUST 
TUBE 


| All Osram General Lighting Service 
ganiee Eae lamps from 40 watts to 300 watts are 

now fitted with fuses. Introduced 
some years ago for coiled coil lamps, 
the G.E.C. has gradually extended 

enve.ore the practice to include single coil 
‘iia lamps as an additional safeguard to 


WIRE FILAMENT the user. 
LEAD 


FUSE 


or These fuses are sealed into tiny glass tubes 

incorporated in the lead in wires, and they 
piece rupture when the normal running current is 
a exceeded (as it may be if the filament breaks 
= while the lamp is switched on). This extra 
protection minimises the risk of circuit fuses 
Showing the plass-sealed & GLASS blowing and the consequent inconvenience if 
fuse in the Osram G.LS CNVELOPE this causes other lamps on the same circuit to 
atte be extinguished. The life and performance of the 
lamps are in no way affected by the fuses. 


LEAD TO 
CAP CONTACT 


Play safé—and specify Osram lamps— 
they cosf no more than other lamps 
The four-part lead fror without fuses. 


cap contact to filament 


A &G.C. PRODUCT 


Always in the forefront of lamp development 


THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 
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Dunlop Flexible Pipes put an 

end to pipe difficulties. Consider 
some of the practical advantages 
which they offer: durability and high 
fatigue-resistance, resulting from special 
Dunlop design and the traditional quality 
of materials and workmanship; short end- 
fittings that offer ease of installation ; secure 
end-fittings that cannot be shifted by internal 
pressure. There are many types of coupling for 
original fitment or replacement, and, of course, 
high, medium, and low pressure ranges. The 
Dunlop Technical and Consultative Service is 


ready to advise you on all application problems. 


fit 
UNLOP 
pes 


1H/904 DUNLOP RUBBER CO. LTD., FOLESHILL, COVENTRY 
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**Know anything about stocks and 
shares, old boy? *’ 


** Not a thing — except my stock 
with the old man — which has 
gone up recently.” 


come? "’ 


‘I've turned over to Monks 

& Crane for drills and cutting tools 
...and what with their stocks, 

| get all the share | want."’ 


‘Sounds a very good investment."’ 


BRITAIN’S FOREMOST DISTRIBUTORS 


MONKS & CRANE LTD 


THE TWIST DRILL SPECIALISTS 


London Office: Head Office: Manchester Office: 

295 EUSTON ROAD | STANHOPE STREET | MANCHESTER OLD ROAD 
LONDON, NW.1I BIRMINGHAM, 12 | RHODES, MANCHESTER 
Tel: EUSton 5311 (3 lines) Tel: Calthorpe 1381 (5 lines) Tel: Middleton 3654 (3 lines) 
Grams: Emancee, London Grams: Emancee, Birmingham Grams: Emancee, Middleton, Manchester 


SM/MC 803b 
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STANDARD PIT FURNACES 


Furnace Usable Dimensions 

Rating Diameter Depth 
1,800 | 2 6° 40 
2,800 ¢.f.h. 6” 5’ 


fd 
oo This photograph was taken in the 
heat treatment shop of a leading 
manufacturer of bearings. 


The larger sizes of Birlec pit gas carburising furnaces About fifty standardised gas or electric Birlec 
are heated by ‘‘U"’ shaped gas-fired radiant tubes, gas carburising furnaces are now installed or on 
arranged around the periphery of the charge space. order. They enable gas carburising to be 
No furnace muffle is, of course, required and carried out under production conditions with 
the tubes have a long life. The gas carburising assured, reproducible results. If you are 
atmosphere may be derived either from manufacturing engine or transmission components, 
processed town’s gas or an inexpensive fluid. you will be interested. May we send details? 


BIRLEC LIMITED 


ERDINGTON BIRMINGHAM 2 4 


SM/B. 736a Sales and service offices in LONDON, SHEFFIELD and GLASGOW 
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PULLY PATENTED 
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industrial petrol, paraffin 
shovels, pumps,. 
The Rockford chy 
the engaged or 
accessible adjusoneat v 


he Rapie 


Itis fitted with a Rockford 
ond power 


ing superstructure and meeresting 


ccc beine used 


take-off. 


... here’s another Die Problem 


4 


+ 


+++ 


ees 


+ 
4. 


$4 
+ 


ty 


++-+-+-+ 


the answer 


THIS was 


ood clean finish and pressure tightness 


G 


are essential for the filter heads of these well- 


Alloy 


d these results. 


John Dale Alumi 


Iters. 


1 F 


Gravity Die Cast 


Consult JOHN DALE L 


known Oi 


1eve 


have achi 


ings 


ited 


Casti 


te 


Alloy Gravity Di 


tntum 


about Alum 


Tel. : Bowmansgreen 2266 


JOHN DALE LTD. (DEPT. TS.3), LONDON COLNEY, ST. ALBANS, HERTS. 


royds $1/3/6 
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APPLICATION 100 
SERIES 77 


“FLEXILANT 


SERIES 77 


Th E “Flexilant” Bollard sprung into fame almost overnight. Anything to which 
they are fixed, in fact, becomes instantly and automatically attachable and detachable, 
the Bollard ensuring absolutely secure fixture which is, nevertheless, quite flexible and 
resistant to shock or vibration. Ie produce a range of components that absorb 
vibration; eliminate noise, suppress shock. Our new catalogue lists all these for you. 


RUBBER BONDERS LIMITED 


IN ASSOCIATION WITH EMPIRE RUBBER COMPANY ( Proprietors) H.G. MILES LTD.) 


DUNSTABLE BEDFORDSHIRE 


TELEPHONE OUNSTABLE 533-936 LINES) TELEGRAMS SPANODIT OUNSTABLE 
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Almost as quickly as you can say the words “‘ Think Zinc’, molten zinc alloy has 
become the Austin Ago radiator grille assembly shown here. This speed in 
production is just one reason why the automobile industry — like so many other 
industries —has adopted the zinc alloy die casting process. Further advantages are: — 
SCOPE FOR DESIGNER * EXTREME ACCURACY * GOOD CORROSION RESISTANCE * STABILITY 
STRENGTH + LONG LIFE OF DIES + LITTLE NEED FOR MACHINING * LOW UNIT COST 
The Association welcomes inquiries about the use of zinc alloy die castings. 
Publications and a list of Members are available on request. We suggest you write 
for our booklet ‘‘Zinc Alloy Die Castings and Productivity.” 

Zinc is now plentiful. There are no restrictions on its use. 


ZADCA 


ZING ALLOY DIE CASTERS ASSOCIATION - LINCOLN HOUSE - TURL STREET - OXFORD - TEL: 48088 
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There is certainly no company which has given more thought than Glacier to the 


development of plain bearings — thin-wall, thick-wall, in all bearing metals. That, 


for years, has been their particular field. 


GLACIER 


REGD. TRADE MARK 


THE GLACIER METAL COMPANY LIMITED, ALPERTON, WEMBLEY, MIDDLESEX 
MAKERS OF GENUINE THIN-WALL BEARINGS AND THICK-WALL BEARINGS 
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Whi ch SPECIAL 


tery igh Antiknock 
Sparkling Performance 


Petrol 


BENZOLE 


Smooth Running 
Extra Mileage 


use? | VELAN 


= GUARANTEED 


Cienerai 
Superb Value 


There are no better quality petrols than those supplied by 


CLEVELAN 


THE SPECIALISTS 


MOTOR SPIRITS 


Pre-war motorists well remember what CLEVELAND QUALITY means. 
Others have a real treat to enjoy. It was no secret that each 
of the Cleveland Brands supplied in the nineteen-thirties was the most popular 
in its price group. Cleveland premium grades pay by increased 
miles per gallon, and add a pleasure to driving unknown for thirteen years. 


Try them for yourself ! 
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LLOYDS 


NEVER TAKE CHANCES 


There is no finer body of sportsmen than the Foundrymen 
of Lloyds—outside working hours. But they never 
take sporting chances inside the foundry. They insist 


on certainty. Precision is their watchword. Step by step 


— through ever rocess, from the selection of raw materials, right 
. g y P g 
~ 
= .~ through every heat to the finished casting, 
> ‘ Lloyds metallurgists test and test. 
y g 
Tee Percentages of constituents are compared 


with customers’ specification, and if corrections are necessary they 
are made before pouring commences. No wonder Lloyds Iron 
Castings are so flawless, so accurate, so strong. No wonder engineers | 
praise their machinability and durability. Write for a copy of 


Marches On’’. 


LLOYDS HIGH DUTY IRONS are cast with certainty 


LLOYDS (BURTON) LTD., WELLINGTON WORKS, BURTON-ON-TRENT TELEPHONE: BURTON 3867 


A Print for Industry Ltd., Advertisement 
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PRODUCTIVITY PROFUNDITIES: 


the 

reatest 
contributions 
productivity 


Reliability 


| 
| 
If you’re looking for high productivity you “a 
can’t afford to take chances on_ reliability, an 
and only fine quality will give you the 

reliability you need for consistently high 
performance. These attributes are 

synonymous with SALTER. 


You can rely on 


SALTE 


SPRINGS 


GE&o. SALTER & WEST BROMWICH 
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Designers are seeking’ new alloys from the metallurgist in order 
to develop higher speed transportation. 


Higher speed calls for materials having greater strength in 
lighter sections, often with little or no sacrifice in toughness. 
Molybdenum will contribute vital properties to the improved 
alloys which will certainly be developed for the future. 


Climax furnishes authoritative engineering dataon Molybdenum 
applications. 


99 Pinstone St. Sheffield 1 
Registered Office: 2-3 Crosby Square, London E.C.3 


C26 
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FOREIGN & COLONIAL DISTRIBUTORS OF MATERIAL 


ENGUIRIES TO” IN BULK FOR GT, BRITAIN 


JACKSON LID. VAs J. A. NORDBERG LTD. 
ENCLOUGH, GARSTANG. | 171, QUEEN VICTORIA STREET, 


nr. PRESTON 
= 


No vehicle embodying modern constructional principles is likely to by-pass T.I. 


Aluminium. This 67-passenger bus, built by Park Royal Vehicles Ltd., has 


truss panels made from our Aluminium Alloy Sheet. These panels are riveted to the 
Aluminium Alloy pillars of the bodywork, which has been constructed integrally 
This bus, a first-class export job, is destined for City Service 


with the chassis. 


in the Netherlands. 


T.I. ALUMINIUM LTD. 4 @ courany 


REDEERN ROAD, TYSELEY, BIRMINGHAM, lel: Acocks Green 3333. 


ALUMINIUM AND ALUMINIUM ALLOY, INGOT, SLABS, BILLETS, SHEET, STRIP, 
rUBIS AND EXTRUSIONS TO ALL COMMERCIAL, A.LD. AND LLOYD'S SPECIFICATIONS 
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or Production 


to 


COVENTRY 


Here at C.M.F.in Coventry we make complete radiators for most of the 
leading motor manufacturers. We do the whole job from design to 
delivery—our factories comprise a complete production plant under 
one roof. These photographs show some of the raw materials and 
subsequent pressings; and one of the special jigs we use to build 

up our well known Flat Tube Blocks. We have radiator making 

in quantity so thoroughly organised and concentrated under 

one control that we are able to change production schedules 

at short notice to suit customers individual requirements. 

Coventry Motor Fittings Limited, Coventry. 

Telephone : 3144-5-6. 


Cogent 
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aa 
2 
f 
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The LAYRUB PROPELLER SHAFT widely used in the 
transmission systems of cars, commercial vehicles, passenger 
transport vehicles, tractors, diesel railcars, and many others. 
it provides a perfectly smooth drive owing to the absence 
of metal-to-metal contacts; no lubrication is required, 
therefore, little maintenance.’ 


The illustrations show, Fig. |. the Layrub Shaft installed 


on a Jowett ‘javelin’ car, Fig, 2. and Fig. 3. typical 
installations used very extensively by the leading 
Commercial Vehicle manufacturers at home and— 


Write us for technical catalogue which 
we shall be pleased to mail you. 


Standard equipment 


for British motor cars and 
commercial vehicles . . 


Write for Catalogue Ref. 115/07/20-H 


RECC THE RENOLD & COVENTRY CHAIN CO LTD * MANCHESTER 
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PIECES 


TOGETHER 


The modern motor car is a perfect example of successful co-operation 
between designers, manufacturers and the engineering industry. Since the 
very earliest days of motoring, Rubery Owen engineer-craftsmen have made important 
contributions to the motor industry, and are proud of their association with the names 


of many world-famous British cars and commercial vehicles. 


@ COMPLETE CHASSIS FRAMES (Car and Truck). 
@ FUEL TANKS (Car, Bus, Truck, Tractor). 


@ CHASSIS MEMBERS (Bus, Truck, Trailer). 
@ BOLTS, NUTS, STUDS 


@ CAR WHEELS & DISCS. 
@ SPECIAL TURNED PARTS 


@ REAR AXLE CASINGS (Car, Bus, Truck). 
@ MOTOR PRESSINGS OF ALL TYPES 


@ WHEELS & AXLES (Caravan and Trailer). 


RUBERY, OWEN & CO.,LTD. -°- DARLASTON - SOUTH STAFFS 


MANUFACTURERS OF COMPONENTS FOR, THE BRITISH [MOTOR INDUSTRY 
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Singly or in batteries operating in a central 
coolant cleansing installation, BarnesdriL 
Magnetic Automatic Coolant Separators 
ensure constant supplies of consistently clean 
coolant. Over 3,000 are successfully operat- 
ing all types of Honing, Grinding, and 
Broaching machines, etc. 


RANGE OF SIZES 
Model No... 1 2 4 7 «40 
Capacity (Imp. gals. per min.) 8 16 33 58 83 


Made in'Gt. Britain 


GASTON E. MARBAIX LTD 


Illustration by kind permission of 
SKEFKO BALL BEARING CO. 
shows three of a battery of six No. 10 Separators. 


BarnesdriL Magnetic Automatic 
Coolant Separators 


INCREASE PRODUCTION 


LOWER MAINTENANCE COSTS 


SAVE COOLANT 


MINIMIZE SHUT-DOWN TIME 


LENGTHEN TOOL LIFE 


REDUCE MACHINE WEAR 


IMPROVE FINISH 


NEVONSHIRE HOUSE, VICARAGE 
JATTERSFA LONDON, SW 
ONE BATTERSEA 8888 (8 lines 
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Automatic 
Lubrication 
soon pays 
for itself! 


“INCREASES YOUR PAYLOADS 10% 


From the moment you equip your vehicle with * Syndromic * Lubrica- 
tion it begins to pay for itself! First, it saves up to 75°, on lubrication 
costs. Then, it ensures less wear on bearings because it automatically 
lubricates up to 40 bearings at periods controlled by mileage. As a 
result, maintenance and replacement time and costs are kept down to 
a minimum. 

But besides all that, ‘ Syndromic’ lubrication saves the hours spent 
in the service bay. Jt lubricates while the vehicle is working, allowing 
you to increase your vehicles’ payloads by as much as 10% ! 

It's obvious that * Syndromic’ lubrication soon pays for itself ! 

Ask for a Tecalemit technical representative to call and discuss the 


system with you. 


The Authority on Lubrication 
PLYMOUTH, ENGLAND 
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The things we say to ourselves are 
sometimes tantamount to verbal 
assault and battery. And we say 
them about worm gears, those 
wonderfully accurate, superbly 
engineered Holroyd specialities. 
To hear some of us talk you 
would think our tests for fine plus 
or minus limits consisted of not 
being able to throw your cap 
through the gap. But it’s only by 
maintaining this carping attitude 
that we manage to produce 

such good worm gears. It takes a 
lot of hard work, fine cutting, 
accurate grinding and a specially cast 
metal called Super Holfos Bronze 
to get the worm gears and worm 
reduction units through without a 
black mark against them. Once they 
pass all our tests, though, 


they will be able to pass any. 


GOOD DELIVERIES can now be made of many sizes of our totally 
enclosed worm reduction units, both in the ‘*F’’ Type series 
and in the larger units. Standard ratios 74/1 to 60/1. 


Holroyd 


WORM GEARS AND WORM REDUCTION UNITS 


1OHN HOLROYD & CO. LTD. MILNROW LANCASHIRE TEL: MILNROW 55322 
CRC 
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a TYPE SUITABLE FOR EVERY APPLICATION 
WW 
e stock a wide range of ‘** 3M "’ Abrasive Bands suitable for all types of band 


grinding machines. They are available in all the most generally used lengths and 
widths with skive and lap or interlined joints. Bands in standard grit numbers of 


“ THREE-M-ITE " or ‘* TRI-M-ITE ’’ Abrasive Cloth can be supplied to cover all 
forms of grinding and polishing. YD 


‘© 3M" Abrasive Bands are flexible, long wearing and cool running at all speeds. 
For fast stock removal in roughing operations or the rapid generation of high-grade 
finishes on flat, curved or irregular shaped work, ‘‘ 3M "’ Abrasive Bands are at all 
times reliable and economical. 


“TRI-M-ITE”’ has a grain of extreme hardness and sharpness. With its relative TRADE wane 
brittleness, as compared to ‘‘ THREE-M-ITE’’, it is eminently suitable for the finishing 
MINNESOTA MINING & 


of the softer metals. 
“THREE-M-ITE” Cloth is coated with purified aluminium oxide grain, fused and MANUFACTURING CO. LTO 
(Formerly Durex Abrasives Led) 


crystallised; an abrasive of unequalled uniformity and hardness, it resists crushing strain 
and is suitable for cutting hard and tough metals. 


DISTRIBUTORS 


SMALL TOOLS DIVISION, MONTGOMERY STREET, BIRMINGHAM, Tel:- VICTORIA 2351/9 


BRISTOL CARDIFF GLASGOW LEEDS LONDON MANCHESTER NOTTINGHAM 
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Guaranteed filled by Shell Mex and B.P. Ltd. 


Februar opers 
-burm 

vith BP Super, the new b 

Jage cost by giving your yehicles 

a stops pinking and pro- 

ns more miles 


engine parts. BP supe 


BP is the trade-mi | | | 
\BP) de-mark of ANGLO-IRANIAN OIL CO.. LTD.. whose world-wide resources are ian 
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electrolytic tinning process for tinplate: the plant at Ebbw Vale. 


RICHARD THOMAS & BALDWINS LIMITED 


IN 


SERVING THE AUTOMOBILE INDUSTRY... 


Power in the workman’s hand is the key to faster production. 
That power is applied with the greatest efficiency through 
the medium of CP tools. The Consolidated Pneumatic 
organisation offers to manufacturers an outstanding selection 
of top performance drills, grinders, screwdrivers, nut- 
runners, studsetters, impact wrenches and production line 
equipment. Whether you use compressed air, Hicycle 
electric or Universal electric power there are fine CP tools 
of all classes for your job. Descriptive literature is always 
available on request. 


FOR THE RIGHT APPROACH . . . THE RIGHT EQUIPMENT 


CONSOLIDATED PNEUMATIC TOOL co. LTD . LONDON & FRASERBURGH 
Reg. Offices: 232 Dawes Read, London, S.W.6 Offices at Glasgow Newcastle Manchester * Birmingham Leeds Bridgend ~ Belfast 
Dublin Johannesburg Bombay Melbourne Paris Rotterdam Brussels Milan and principal cities throughout the World 
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the perfect Ci amshaft 


Material 


.. . the metal of the age 


Motor vehicle components and fittings made 
of Stainless Steel cause no anxiety to the owner 

the surface can never wear or peel off; the metal is 
stainless right through. There is no need to polish; 


STAINLESS just a wipe with soapy water and they come up 


STEEL bright and unspotted for the whole life of the car. 
Silver Fox”’ Stainless Steels are now available to the 
discriminating motorist in ever-increasing quantities. 


Registered Irede Marks 


Our colour photograph shows Hub caps by courtesy of the Ford Motor 
Company. Steering Wheel by courtesy of Wilmot Breeden Limited. 


— SAMUEL FOX & COMPANY LIMITED 


Associated with The United Steel Companies Limited 
STOCKSBRIDGE WORKS Nr. SHEFFIELD ENGLAND 
F259 
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ARMSTRONG 


“Commercial Motor ‘Vehicles 


They all use 
Bonded Rubber to Metal Parts 


MANUFACTURED BY 


Firestone 


EXPERTS IN DESIGN 
AND PROCESS 


JOWETT 


FIRESTONE Tyre & RuBBER Co. LtTD., Great West ROAD, BRENTFORD, MIDDLESEX 
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LIGHTING - STARTING - FUEL INJECTION 
EQUIPMENT 


legrams : Simotunit, London 


Smee’s 
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“7 wish could 


show you ALL the clips 
we make at 


TERRY'S” 


. . . and here are three 
** specials” 


You’d have a surprise—CLIPS in every possible shape Three really popular 
clips. Nos. 80 and 81 


and size, CLIPS in steel, bronze, stainless, plated, etc., come 4” to 2” from 
stock No. 300—an 


CLIPS for every trade under the sun... and if you exceptionally good 
drawing board clip— 


want a clip made to specification TERRY’S Research costs 5/- a dozen (ine. 
p.t.), ‘rom stock 


Department is there—ready and willing to give you 


the benefit of 96 years’ experience. ’ .= 


Want to know all about springs ? te. 


Here’s a book packed with spring know-how from cover to 
cover — the finest of its kind today. Post free 12.6. 300 


Sole Makers: HERBERT TERRY & SONS LTD., REDDITCH © LONDON - BIRMINGHAM : MANCHESTER 


80 
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‘Ihe above mae howe By courtesy of Messrs, Ransomes 
Sims & Jefferies Ltd. 


the machining of a Gear Blank 
in a case—hardening steel. 


Routine precision work of this 
kind requires the dependable 
cutting qualities of Cutanit Ye Cit \) 


Grade S. 


TRADE MARK 


CEMENTED CARBIDE 


A METRO-CUTANIT PRODUCT 


WM JESSOP & SONS J SAVILLE & COLTD 
IUMPH WORKS SHEFFIELD 


BRIGHTSIDE WORKS SHE 
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ALL THE 
being filtered... 
THE TIME? 


That is the vital question which must be asked when 
considering filtration claims. Engineers today accept the 
fact that for real protection, partial flow filtration is not 
enough. But remember! even a so-called full flow filter can 
allow irreparable damage if the by-pass comes into 
operation for long periods when the oil is cold. 


CONSIDER THE FAMOUS 
VOKES ELEMENT 


Here is the VOKES filter element — unchanged 
in principle because thirty years of constant 
research have found nothing better. By its 
principle of ‘‘filtration-in-depth” it avoids the 
possibility of particles being driven straight through the filtering 
medium and also ensures a slower build up of surface sludge. 


This then is the vital point. If a so-called full flow filter cannot cope 
with the oil when it is cold and sends it direct into the engine, then 
it is not filtering all the oil all the time. Consider, too, the question 


of cleanability This ishighly important where plant and machinery 
is operating in remote areas, when the non-availability of expendable 
elements might put the equipment out of service. Also, although the 
VOKES element may cost a little more in the first place, the fact 


that it can be cleaned several times gives long-term economy. 


The VOKES direct flow device is a safe- 


guard to the engine and not just to the 
filter itself. It comes into operation only 

under abnormal conditions - 

and not for long periods 


merely because the oil is 
cold. When it is called upon, however, it : odes 
is truly foolproof. Illustration (left) shows [icneers of scientific filtration 
flow-through filter element. Illustration 
1 (right) shows by-pass flow. 


VOKES LTD. Head Office: GUILDFORD, SURREY. London Office: 40, Broadway, Westminster, $.W.1 
VOKES (CANADA) LTD., Toronto. Represented throughout the World. VOKES AUSTRALIA PTY., LTD., Sydney 
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DANIEL DONCASTER & 


OROP FORGINGS « HARDENED STEEL ROLLS 


... there is something fundamental 


about a forge 


It is not without significance that 
the commonest British name 1s 
‘Smith’! There is something down- 
to-earth about a smith, and 
Doncasters’ business is a bedrock, 
a basic business, that of forging 
intractable steel to give it shape and 
substance to serve the needs of 
other industries. 

As longas there are railways, auto- 
mobiles, aircraft, machine tools and 
engineers, there will be a need for 
firms such as Doncasters of Sheffield. 
From their earliest beginnings in 
1778, this business has dealt with, 
made or manipulated steel and its 


alloys; five generations of crafts- 


men of individuality and character, 
and yes, integrity, have added to 
the fund of skill, knowledge and 
scientific method which informs the 
present practice of the company. 
Doncasters forge and treat bars 
of tool and other hard and tough 
steels; they shape general forgings 
under powerful hammers ; each year 
make hundreds of thousands of 
intricate drop forgings and valve 
stampings for diesels and auto- 
mobiles; they are of the very few 
people in the world who make 
hardened steel rolls, possibly the 
highest development of the forge- 


masters’ craft and skill. 


DONCASTERS 


1778 Dj 


FORGINGS 


44 


SONS 


© 


DD 


HEAT TREATMENT 


SHEFFIELD 


P.4 


AUTOMOBILE ENGINEER, February 1953 


} 
DD 
q | 
= 
= 
= 
== 
== 
= —4 
= 
\ ee 
= 
= 


With Hypoid first reduction and helical spur final drive 


These axles are built to the famous Timken standard of ruggedness and 

durability; the first reduction is by generous-sized hypoid gearing, the OTHER FEATURES: 

final reduction gives a choice of two ratios and consists of constant mesh High-duty differentia! 

helical gearing of great strength and wearing capacity, engaged by robust 
dog-clutches. 
All the bearings have high-duty Timken tapered-roller bearings. The counter- Brakes: Hydraulle—dual primary 
shaft has a vertical offset, giving a practically straight-line propeller shaft. or air-actuated. 


Exclusive European distributors for The Timken Detroit Axle Co., Detroit, Michigan, U.S.A.:- 


AUTOMOTIVE PRODUCTS COMPANY LIMITED, Brock House, Langham Street, London, W.|., England. 


a 


BOUND BROOK BEARINGS LTD., TRENT VALLEY TRADING ESTATE, LICHFIELD, STAFFS 


(A Birfield Company) Telephone: Lichfield 2027-2028 Seen 


BROOK POWDER METALLURGY 


What are tts 
possibilities 


The scope of the powder metallurgy process is not 
always fully appreciated. ‘This technique, by producing 
machine parts quickly and cheaply, justifies the change 


from conventional methods. By the use of precision dies, 


accurately finished dimensions are achieved and so costly 


machining is eliminated. If your parts are suitable, exact 


reproduction can be made by powder metallurgy, otherwise 


a slight modification will normally bring them into line for 


production in this way. We would like you to read our 


leaflet Sintered Components by Powder Metallurgy”’. 


May we send you a copy ? 


SINTERED METAL PARTS 


AUTOMOBILE ENGINEER, February 1953 


| 
H 
BOUND 
q 

; 

— 
— — 
46 


SPECIALS 


FOR IMPROVED 
PRODUCTION AT 
LOWER COSTS 


BIRMINGHAM 


SOLE AGENT 
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Welding of ‘elevators’ for harvesting machinery by Messrs. Visher and Ludlow Ltd., Erdington 


Electric Welding 


WELDING is one of electricity’s most revolutionary processes. 


Compared with riveting, it shows a man-power saving which is 
almost incredible. You can build your structure from a plate 
or sections instead of casting it or machining it from the solid. 


Electric welding saves time, power and greatly increases output. 


Electricity PRODUCTIVITY 


48 


WHERE TO GET MORE INFORMATION 
Your Electricity Board will be glad to help you to get 
the utmost value from the available power supply. They 
can advise you on ways to increase production by 
using Electricity to greater advantage — on methods 
which may save time and money, materials and coal. 
Ask your Electricity Board for advice: it is at your 
disposal at any time. 


Issued by the British Electrical Development Association. 
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How do you dictate? To a secretary, 
or to a Dictaphone Time-Master? Speaking for ourselves, we 
find both methods have their advantages. Based on more 
important considerations, preferences are shown in industry 
too - such as the use of Linread screws and small fasteners 
when it comes to assembling a product. Yes, a Dictaphone 
for example. Representative of the great names in their 
own fields of manufacture, Murphy, Hawker, Hoover and 
Dictaphone, among others, all specify Linread. To us this 
association is one of pride in our work. To you, however, 
it has been presented in a series of advertisements as 
conclusive proof that in accuracy, quality of material and 
doing the job for which they are intended, 

Linread screws are as good as screws can be. ~— 
They are, in fact, the best. oll 


small fasteners of the 
highest quality to hold 
together the products 
they manufacture. 


Our specialists are 


always at your service 
to advise and assist you 


with your own particular 


problems. 


LINREAD LTD. STERLING WORKS COX af. BIRMINGHAM 3 
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Take a car... 


and see the many points in its construction where aluminium alloys 
can be used with increased efliciency and economy. 

Our Technical and Development Departments have devoted an 
immense amount of research to finding out how these alloys can best 
be used by motor vehicle designers and builders, and the results are 
freely available to them. 

The Metals Division of 1.C.1. makes a wide range of aluminium 
alloys in sheet, strip, tubes, extruded rods and sections. Their 
lightness, strength and durability ensure easy handling in construction, 
long life, simple maintenance and lower running costs. 

Listed on the right are some motor vehicle parts for which I.C.1. 
aluminium alloys are recommended. 


Body Panels 

Door Panels 

Wheel arches 

Hub caps 
Windscreen sections 
Heat Exchangers 
Number plates 

Seat frames 
Interior fitments 


‘KYNAL’ AND ‘KYNALCORE’ 


ALUMINIUM ALLOYS 


IMPERIAL CHEMICAL INDUSTRIES LIMITED, LONDON, 
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“Sabotage” in a loose sense is a term which 
may be applied to some of the experi- 
ments conducted in the Ferodo Test House 
as for example the testing to destruction 
of hundreds of Brake Linings weekly in 
routine check. 

Another practical and valuable aspect of 
the Ferodo Physical Test Laboratory is to 
be found in the ingenious and specially 
designed apparatus which subjects samples to 
tests of endurance and efficiency far exceed- 
ing those encountered under the most 


LIMITED 


ERODO 


SABOTAGE! 


FERODO 


BRAKE & CLUTCH LININGS 


CHAPEL-EN-LE-FRITH 


A Member of the Turner & Newall Organisation 


strenuous road or racing conditions over 
long period of time. 

It is by such methods, backed by ceaseless 
chemical and physical research, that the in- 
superable standard of quality inherent in all 
Ferodo products is fully maintained. 

It is by close collaboration with Automobile 
Engineers and Designers, who at all times 
are freely and cordially invited to visit the 
Test House, that the problems associated 
with ever increasing h.p. and speed are dealt 


with... and solved. 
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Casehardening 


and Heat-treatment 


process has all the advantages 


for the smaller works . . . 
f 


Pi 


The ‘Cassel’ molten salt bath / 
/ 


>» Simplicity 
and flexibility 
of operation 


> High output 
from small 
furnaces 


> Low costs 
> Uniform results 


>» Clean, scale-free 
finish 


The ‘Cassel’ Heat-treatment Service 


—backed by years of experience and research—offers the right salt, 


the right furnace, and free metallurgical and technical advice. 


IMPERIAL CHEMICAL INDUSTRIES LIMITED, LONDON, S.W.1 


U.C.1§7 
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We've looked into this 


Exacting tests have been made at every stage of manufacture—inner and outer 
rings have been examined for tiny cracks and imperfections—the steel balls 
have been scrutinised under diffused light which reveals the slightest flaw . . . 
In all, more than ninety checking operations are carried out before an R4M Ball 
or Roller Bearing is passed as fighting fit for the long and arduous service ahead. 
Because we look into the details so thoroughly you are sure of bearings that 


BEARING COMPANY LIMITED 
NEWARK-ON-TRENT, ENCLAND 


K/RM.97 
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TODAY’S ADVANCED TECHNIQUE 


—how ‘dag’ dispersions are solving 


odern production problems! 


Four cases where ‘dag’ colloidal 
graphite alone can do the job... 


@ High Temperatures— 
‘dag’ colloidal graphite provides effective lubrication for oven 
chains, kiln cars etc., at temperatures far above the burning 
point of all conventional lubricants. 


@ Built-in Lubrication— 
a layer of ‘dag’ colloidal graphite sprayed on to engine and 
machinery parts before assembly reduces scuffing, removes the 
danger of seizure during running-in, and ensures longer life. 


@ Metal-forming — 
for precision forging and die-casting, ‘dag’ colloidal graphite is 
the ideal lubricant, giving longer life of forging dies and sharper 
definition of castings. 


@ Electrical Applications— 
‘dag’ colloidal graphite is available dispersed in many media for spraying on to almost 
any surface, to provide a conducting layer for screening and static elimination, for valve 
and cathode-ray-tube manufacture, for electro-plating, and many other uses. 


These are just headings in the story of ‘dag’ dispersions, which includes steam-cylinder 
lubrication, prevention of scale in water systems, lubrication where oil is not wanted, and 
many more applications of great importance to the up-to-date engineer. 


Write today if you are interested in any of 
these uses of ‘dag’ colloidal graphite and we 
will gladly send you full information and 


technical data. 


ACHESON COLLOIDS LIMITED 


PALL MALL, LONDON, 


TELEPHONE: WHltehall 2034-7 TELEGRAMS: OILDAG PICCY LONDON 


TAS AC 18(a) 
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Constructed on the Silentbloc principle 

with a self-forming flange for extra-snug 

fitting and less wear these bushes ensure 

maximum efficiency at lowest cost. 
Right: Flangeless Taper Bush 
sectioned to show construction. 


In the housing flanges develop 
under compression. 


* After exhaustive testing Ford 


Motor Company Ltd. now fit 
Silentbloc Flangeless Taper Bushes 
in the «l.F.S. of the ‘ Consul” 
and ‘ Zephyr Six” 


Left: Front Suspension 
of the Consul"’ and 
** Zephyr Six’’. 


Flangeless Taper Bushes and 
Frustacon mountings provide the 
first complete and scientifically 
designed rubber insulation 
between wheel and body. 
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SMETHWICK DROP 


FORGINGS 


LTD. 


ay 


SMETHWICK & KIDDERMINSTER, ENG. 
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ACCURATE 
MACHINING 
IS EASY 
WITH A 
FEED GAUGE 


‘The proper use of 


gauges is to aid 


correct machining 


WHETHER YOUR PROBLEM IS: 


— not to detect 


“— 1. Reduction of rejects 
faulty machining 2. Increase in production rate 


when it is too late.”’ 3. Increase in precision 
4. Greater accuracy from unskilled labour 


Evaluation and surveillance of dispersion 


THEN giving the machine operator the equip- 
ment to see where he is and what he is doing 
provides the means to overcome the difficulties. 


If you would like to know more, please write for a copy of “ The Vheory and Practice of Machine Control” to 


SOLEX (GAUGES) LTD. 


SOLES WORKS, 259" MARYLEBONE ROAD, N.W.1 
Telephone : Paddington 50/1 (6 lines) 


‘“Solex-the pioneers of air-gauging”’ 
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a 7 Your machines are 
as good as the 


culling lools 


be certain / 


TWIST DRILLS, REAMERS 
AND ENGINEERS’ SMALL TOOLS « 


THE SHEFFIELD TWIST DRILL AND STEEL COMPANY LIMITED 


SHEFFIELD - ENGLAND PHONE: 24137 (5 LINES) GRAMS: PROELLS - SHEFFIELD 


LONDON OFFICE © TERMINAL HOUSE, LOWER BELGRAVE STREET, S.W.1. PHONE : SLOANE 2111 (4 lines) GRAMS : PROELLS, KNIGHTS, LONDON 


DORMER TOOLS ARE OBTAINABLE FROM YOUR USUAL ENGINEERS’ MERCHANTS 
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Vif 


want 


6 | Bolts, Nuts, Rivets, Screws, 

q Studs & Washers in all metals 
and threads e Pressure Gauges, 

Reducing and Relief Valves, 

Steam Traps, Cocks and Valves 

x | f for every service e Non-Ferrous 
pose Metals in all sections ¢ Ferrous 
‘ and Non-Ferrous Tubes and 
SOWUK, ws Fittings e Contractors Tools and 
Equipment e Carpenters and 

Engineering Tools, Screwing 


Tackle e Stainless Steel Buckets 
Utensils, Fittings and Equipment 


* Personal service means that your call is handled 

immediately by someone who can not only take all 
your instructions, but is ready and technically able to 
offer practical, helpful advice. 


Official Stockists 
FISCHER 


BALL AND 
ROLLER BEARINGS 


M. W. WALKER & STAFF LTD. 


ENGINEERS MERCHANTS 
IBEX HOUSE MINORIES LONDON E.C.3 


Phone: ROYal 8191 «ro “Gramis: Makerlaw, Fen, London 
MIDDLE EAST BRANCH BAHREIN,. PERSIAN GULEI 
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Photograph by courtesy of North 
Thames Gas Board. 


Hot tar, for example, 
which is pumped straight from heated storage tanks 
into road tankers and has to be kept hot enough for immediate use when 
it is delivered; perhaps several hours later. The engineers of the North Thames Gas 
Board were able to solve this problem by wrapping the tank with a 3-inch ‘ Fibreglass’ 


wired mattress protected from the weather by sheet-metal cladding. 


To keep heat in — or out... 


... Wrap it in FIBREGLASS 


TRADE MARK 


DURABLE FIRE-SAFE ECONOMICAL AND AVAILABLE NOW 


FIBREGLASS LIMITED, Ravenhead, St. Helens, Lancs. Telephone: St. Helens 4224 


LONDON OFFICE : 63/65 PICCADILLY, W.1 (Regent 2115) * GLASGOW OFFICE: 136 RENFIELD STREET (Douglas 2687) 
MANCHESTER OFFICE : tl PICCADILLY (Blackfriars 8863) . NEWCASTLE OFFICE: 16 DEAN STREET (Newcastle 20938) 


BIRMINGHAM OFFICE : PICCADILLY ARCADE, 105 NEW ST. (Midland 0464) - DUBLIN OFFICE: 21 MERRION =. Range 
(Dublin 
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--- Of major importance for 


SHEET METAL 
WORKING . . . 


one machine for many 
operations. including :— 


STRAIGHT CUTTING 
CIRCLE CUTTING 
PIERCING 
BEADING 

DOMING 

FOLDING 
JOGGLING 

SLOT CUTTING 
LOUVRE CUTTING 
Free-hand work is limited only by the dexterity 
of the operator. 


The PULLOMAX PLATE and SHEET-METAL 
WORKING MACHINE is made in 8 sizes up 
to a maximum edge cutting capacity of 44” in 
mild steel plate. 


Demonstrations arranged. 


Full particulars from Sole Agents : 


ALFRED HERBERT LTD 
COVENTRY 
FACTORED DIVISION, RED LANE WORKS. ’PHONE: 89221 


IN STOCK 
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I feel a little self-conscious—ha ha! (said 
the Managing Director) but this quaint 
garb indicates the way we feel about both 
the tools we sell and the people we sell them 
to. You may say you don’t want to be 
nursed but if you buy Desoutter Tools you 
will be — willy nilly, whoever he may be. 
We believe we know best what our tools 
can and can’t do. We believe we know best 
how you can get the best out of them for 
the longest possible ume. For these 
reasons we sell our tools direct and service 
them direct. In short, we can’t bear 

to lose touch with a single one of the little 


itsy-bitsy pets — and we don’t. 


We nurse our Little Horses 


Telegrams Despnuco. Hyde. londor 
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tter TEXOLE 


} RE-INFORCED PLASTICS | PLASTIC 


The illustrations show 
gear blank and the finished spur gear 


-ON-TYNE 


- 
: of Morris Motors Limited 


iveve 
- engineers with foresight 5 
have been quick to appreciate the £ A 
advantages of CARMET*, and every- bearings 

where, more.and more, they are 

specifying this material. Combining 
the strength of meta! with the self- 
lubricating properties of Carbon; 
there is extremely low wear 
rate, a favourable co-effi- 
cient of friction and good 


resistance to high 
temperatures. MORGAN CRUCIBLE 


company Liv! 


Our Engineers will be pleased to advise you BATTERSEA CHURCH ROAD, LONDON, S.W.11 
on its application, Telephone Bacerses 8822. Telegrams: “Crucible, Souphone, London.” 


* CARMET is o Registered Trade Mark of The Morgan Crucible Compony Ltd. 
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PROPELLER SHAFTS 
AND UNIVERSAL JOINTS 


HARDY SPIEGER A Birfield Company), WIiTTON. BIRMINGHAM, 6 
HARDY SPICER (AUSTRALIA) PTY LIMITED, SOMERS STREET, BURWOOD &.43, VteTORtA AUSTRALIA 
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MECHANICAL HANDLING TNGINEERS eve Ric 
1t gives us pieasurt to record that we are gatistiee with 
"4 your propeller snafts wnich use 1aree numbers an the = 
system provides separate motors for each crane operation and tt 
/ sequent)y we use arse number of your snafts for 
mission of torque from prime mover to generate’ and from 
each motor to its mppropriare peauct io” gear: , 
Wwe puild cranes 1 ton arcing capacity up 20 tons ? 
capacity ani we use yaryiné numbers of your properte® i 
yniver yoints ore very guitanle to our purpose and give 
users qn more than 100 countries the worlds 
you are at yiperty to use this yerter qn any way you cnoose* 
/ 
| | anes DIRECTOR: 4a ag 


THIS MARK 
ON ALL VANDERVELL 
PRODUCTS 


VANDERVELL 


PRODUCTS LIMITED 


VANDERVELL PRODUCTS LTD WESTERN AVENUE: PARK ROYAL: LONDON 


Smee's V 83 
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THE GENERAL ELECTRIC CO. LTD, MAGNET HOUSE, KINGSWAY LONDON, W.C 
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The “HAC” Automatic Grinding machine is 
a massive, well designed tool providing ease 
of operation, high rates of production and 
extremely accurate product finishing. Made 
in three sizes each having a 16” swing, witha 
capacity of 48”, 60" or 72”. Each machine has 

a fully automatic grinding cycle by elec- 
trical and hydraulic power. There is a 

5” rapid wheelhead approach with 

four automatic variable infeed rates. 
Wheelhead bearings, wheelhead 

slides, etc., are supplied with 

automatic lubrication, and 

there is a drip feed 

system to the 

driving chain. 


SPECIFICATION 


Maximum length between faces of workheads ... 
Minimum length between faces of workheads .., 
Work centre height 
Maximum diameter of new wheel ... 
H_P. of wheelhead motor 
R.P.M. of wheelhead motor 
H.P. of hydraulic motor 
R.P.M. of hydraulic motor 
H.P. of workhead motor 
R.P.M. of workhead motor 
A ic type h 
separate control cabinet 


Starters 


Table speed Infinitely variable from 

3-180" per minute 
Plunge cut feed Infinitely variable 
Quick run back of 


wheelhead 5” 


48°-60°-72" 
30”-42"-54” 
10” 


4 Scottish Agents: Drummond-Asquith Led., 175 West George Street, Glasgow, C.2 
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This new AC partial-flow oil filter with replaceable element meets 
the increasing demand for a filter that can be removed for inspec- 
tion and replaced every 8 10,000 miles. It provides a permanent 
installation for coupling into a by-pass oil supply system and the 


filtering element can be replaced without disturbing pipe connec- 


tions. Sump oil is filtered on an average of ten times an hour. This 


means less motor wear and longer motor life — the objective of 


every motor manufacturer, 


AIR CLEANERS AIR SILENCERS CRANKCASE 
BREATHERS CAR HEATERS FUEL PUMPS 
SPEEDOMETERS + GAUGES - INSTRUMENT PANELS 
OIL FILTERS THERMOSTATS SPARK PLUGS 


WINDSCREEN WIPERS - DIE CASTING 


AC-DELCO DIVISION OF GENERAL 
We'll gladly help when you plan a new design or modify an existing one, Write to MOTORS LTD., DUNSTABLE, ENGLAND 
AC Technical Bureau, 54 The Butts, Coventry; or ‘phone Coventry 61747. and Southampton, Hants. 


AUTOMOBILE ENGINEER, February 1953 


® 
e 
4 
rts 
fy 
\ \\ 
SS 
) 
: 
E 69 


ACTING 


BRAKE 


CYLINDERS 
for use with 


Quietly, and unobtrus: 
past 15 years; CLAYTO: 
“DIRECT ACTING BRA feo 


DERS.. This aid to bra! 
and sturdy, givin. 


performance, needs 
 tenarice, and has ho 


LIMITED 
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Once a material has gone into service in high-temperature 


plant, it- is too late to wonder whether the best selection has 
been made. That is where we can help. We have research 
data and service results covering a wide range of materials 
in various operating conditions and may already have the 
solution to your specific problem. The chances are that one 
of our high-nickel alloys may best meet your high-temperature 


requirements — but ask us before you go ahead. 


FOR COLD FACTS ON HOT METALS 


HENRY WIGGIN AND COMPANY LIMITED WIGGIN STREET BIRMINGHAM 16 
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STILL FOREMOST 


HE name CAPASCO has been permanently associated with the 

development and perfection of Heavy Duty Moulded Brake 
Linings right from the start. CAPASCO pioneered the way, and is 
still leading this highly specialised field. CAPASCO Moulded Brake 
Linings are daily proving their efficiency and reliability under the 
most arduous conditions-and in all forms of Transport. 


Press Moulded Homogeneous >» Uniform Wear to ‘Wafer’ 
Structure Thickness 

High Mechanical and Impact 
Strength 

Rapid ‘Wet’ Recovery 
Extreme Resistance to y Suitable for Medium and Heavy 
Frictional Fade Duty Application involving 
Dimensional Stability High Temperatures 


% Impervious to Oil and Grease 


Non-Abrasive to Brake Drums 


+ +e 
+ 


NON-FADE 


BRAKE 
LININGS 


114-116 PARK STREET LONDON wW. 


Phone: GROSVENOR 6022 PBX. Grams: “INCORRUPT, LONDON” 
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PHONE: TRAFFORD. PA 
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them 


Coil, iaminated and torsion bar 
springs are manufactured by 
Toledo Woodhead for every type 
of automotive vehicle — with 
shot blast treatment for longer 
fatigue life if required. We 
also supply Tine: springs for 
cultivator and agricultural 
implement manufacture, 


TOLEDO WOODHEAD SPRINGS 


AR? 
oR | 
t % * 
La 
We are also the manufacturers of SPRING WASHERS 
LIMITED - SHEFFIELD 3 
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Rubber-bonded-to-metal mountings provide the most effective and economic method of damping 
vibration. But the design must be right and the bond beyond question. You can be sure of both at 
Andre where the technical service and production facilities of a company specialising in bonding and 
moulding rubber are at your service. Our Technical Department welcomes the opportunity to 
co-operate in the development of new applications of engineering rubber. 


Write for a copy of Elastomeric Engineering Examples’ —a photographic record 


A selection of Rubber- 
of the wide range of rubber and rubber/metal components produced by ANDRE. 


bonded-to-metal mount- 
ings and bump stops 
manufactured by Andre. 


RUBBEW EOMPANY LiMiTED 
(& COMPANY) 


BY-PASS, SURBITON, SURREY 
Telegrams: Andre, Sarbiter 


v2 


™ 4 


BOMBAY 


BHU we 


N 
EAMES COTTON 
R397 


BOMBAY 


RADICON WORM REDUCERS 


We can supply from stock a comprehensive 
range of assembled units of most of the 
standard ratios of 2%, 3 and 4 RHU 


THESE ARE IMMEDIATELY AVAILABLE 


Quick deliveries for standard ratios up to 14 
RHU can also be made and a Radicon Worm 
Reducer can be over to you in a matter of 
a few days 


DAVID BROWN & SONS (HUDDERSFIELD) LTD 


A DAVID BROWN COMPANY 
PARK GEAR WORKS HUDDERSFIELD 
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GAS CARBURISING 
P—~—™ with PREPARED TOWNS GAS 


Is it enough for a furnace manufacturer to produce furnaces?. . . 


Wild-Barfield believe not . . . they believe that only from a 


background of the widest metallurgical knowledge can they truly 


fulfil their function. It is from the intensive research which this 


policy involves that Wild-Barfield have pioneered the process of 


gas carburising using prepared towns gas. The numerous advantages 


of the gas carburising process are well known . . . and the use of 


towns gas, after the removal of deleterious constituents, adds even 


further to the precise control of the carbon gradient . . . the precise 


control of the diffusion rate, allowing active carburising to proceed 


at the maximum rate, resulting in faster and better quality carburising 


at lower cost. A feature of this equipment is simplicity of 


control. Much of the process can be carried out without 


supervision and may safely be left to ordinary hardening 


shop personnel. The whole unit is extremely compact 


and clean. Four standard sizes of gas carburising 


furnaces are available with a maximum operating 


temperature of 10§0°C. A range of standard models 


with a work space diameter of 12” and work depth of 


22", to 24” diameter and 48” in depth, can be supplied. 


fummaces 


WILD-BARFIELD 


ELECTRIC FURNACES 


for all hoat; treatment purposes 


WILD-BARFIELD ELECTRIC FURNACES LTD. 
WATFORD-BY-PASS, WATFORD, HERTS. Phone: WATFORD 6091 (6 lines) 
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MADE BY THE PIONEERS 
IN PRECISION 
STEERING 
GEARS 


EFFORTLESS 
STEERING AND 
GREAT DURABILITY 


Hardened cam and roller. 

Tapered roller bearings (with detachable 
cones on the larger sizes). 

Double bearing support to rocker shaft. 


End-location adjustable. 
THE ‘MARLES’ 
DOUBLE-ROLLER 
GEAR, made in a Very compact box. 
range of sizes For fore-and-aft or transverse layout. 


Larger angular movement. 


& cvery typ Trunnion or spigot mounting alternative 


of chassis. 
on heavy types. 


ADAMANT 
ENGINEERING CO, LTD. DALLOW ROAD, LUTON 


Sole proprictors of the Marles Steering Company Ltd. 
Telephone: LUTON 2662 (4 lines). Velegrams: ADAMANT, PHONE, LUTON 
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Coke Ovens at the Margam Works of 
The Steel Company of Wales Limited, Port Talbot 


O produce the extra coke required for the newly built and bigger 

Blast Furnaces at Margam Works, 90 new ovens have been 
installed. Together with the §4 ovens erected in 1939 these produce 
15,000 tons of coke per week requiring some 22,000 tons per week 
of coking coal from the local Welsh Valleys. Coke Oven gas from this 
plant is used for heating purposes in the Margam and Abbey Works 
and a substantial amount is also supplied to the Wales Gas Board 
for use in the surrounding area. 


HOME SALES EXPORT SALES 
(Mild Steel Flat Rolled Products) ’ (Mild Steel Flat Rolled Products) 
RTSC HOME SALES LIMITED , RTSC EXPORTS LIMITED 
47 PARK STREET, LONDON, W.1 47 PARK STREET, LONDON, W.1 
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Springs 


according 


Cocker 


and 
COCKER BROS LTD 


FITZALAN WORKS SHEFFIELD 9 TELEPHONE 41188 
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esearch... 
evelopment... 
esting... 


“The proof of the pudding...” So it is with 
C.A.V. Fuel Injection Equipment, but before 
the proving in actual service, much research 
and development work is done, and every 
move is explored exhaustively by tests, first 
on test machines, then on actual engines. 
Specially designed electronic equipment 
enables pumping pressures, needle lifts, 
combustion chamber pressures, etc., to be 
examined and recorded photographically. 


The C.A.V. Laboratories comprise physi- 
cal, metallurgical, X-ray, electrical and 
fuel injection divisions, engine test beds, 
low temperature and tropical rooms, as 


well as sections devoted to basic research. 


C.A.V. are the largest: manu- 
facturers of fuel injection 
equipment in the world. with 
service depots and trained 
personnel in over lOOcountries 
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On the new @ 
AUSTIN 


This interesting new car—like so many 
of the other Austin models, has Metalastik ‘Bonded Cone’ 
bushes on the I.F.S. system. 


The illustrations show clearly the effective manner in which 
these have been applied and the general simplicity of this 
most interesting layout. Metalastik ‘U.D.’ bushes are used 
in the rear suspension. 


Metalastik ‘Bonded Cone’ bushes are also used on the Austin 
‘Somerset’, ‘Hereford’, ‘Atlantic’, ‘Princess’ and ‘Sheerline’ 
models and on a great number of other important cars. 


Their great capacity for both radial and thrust loads, and the 
higher duty made possible by the famous Metalastik rubber-to- 
metal weld, have established them as the ideal bushes for 
these vital situations. 


sortof 
industrial 


> bab y-sitter 


j 


Y 
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Mr. Therm not only needs precious little 


looking after—he can look after many jobs and 


processes for you— automatically. Gas is so 


easy to control, and so flexible in operation, 


that gas-fired equipment is capable cf 


the most accurate self adiustment and 


the most rigid control of fuel consumption. 


This flexibility, coupled with the speed, 


cleanliness and economy of gas, 


accounts for Mr. Therm’s great popularity 


meevery branch of industry. 


Mr. LHTERM IN 
GENERAL 
ENGINEERING 


Among the great varicty 
of uses of gas are: general heat treatment ; 
Hame hardening; annealing; tempering; case 
hardening ; normalising ; preheating ; metal 
melting ; core drying ; forging; brazing; sol- 


dering; oxy-town gas cutting; steam-raising, 


Mr. Therm burns to serve you He ce 


rHE GAS COUNCIL, I GROSVENOR PLACE, LONDON, SWI 
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RLOD. TRADE MARA 


THE CACO SEAL 


British Patent No. 479743 


The Scientifically Designed Oil Seal for Rotary Shafts. A Gaco Product. 


en! 


Deep affords perfect Spring R 
Large Face Angle brings Sealing Edge 
below spring. 

Knife edge Contact at Sealing Point. 


Sealing Poitit stiffened against local deformation 
by large included angle. q 


This section stiffened to prevent deformatic , 


Shaft anle gives adequate clearance. 

Flexible Web. 
Gaco Skin affords better fluid tight fit in 
Housing. 


“HAIRLINE” LIP CONTACT! 


ANGUS OIL SEALS 


GEORGE ANGUS & Co [TD 


FLUID SEALING ENGINEERS 
NEWCASTLE UPON TYNE. 6 
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7 Reproduced by kind permission of Ross 
Ltd, (Optical and Scientific Instruments) 
cf] Reproduced by kind permission of 

Decca Radar Limited 


How many expensive Radial 
Drills are tied up in your Works 
drilling holes of up to }” diameter 
in large Castings and Plate work, 


simply because your Machines of a 


smaller capacity have not the throat 


depth to accommodate the job? 


Every week more and more 
‘**PACERA' “Articulated Drilling 


Machines, providing a throat depth 


of 24” (and revolving worktable of 
24” square) are being used to break 
such bottlenecks in production 


lines throughout the world. 


Pacera Drilling Machines (from }” to |}" capacity) are manufactured 
at our own up-to-date specialised plant at Slough 5 


1. MODEL MF6 3. MODELL B! 
e (14° Capacity) Capacity) 


2. MODELMB3. 4 MODELMFS 
Sales Offices and Showrooms : (1° Capacity) (1° Capacity) 


16, BERKELEY STREET, LONDON, W.I 
Telephone : MAYFAIR 6417 


Rathbone 2042 
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CAST 


Exhaustive tests at high speeds and production 
and use over a long period have proved the 
suitability of Darcast Flywheels in high duty 
cast iron for petrol and diesel engines and 
for compressors. Long specialised experience 
ensures homogencity in the castings which is 
necessary to obtain uniform density with perfect 
balance, while the machining faces are free from 
hot-crazing and suitable for friction clutch 
operation. Our current production covers a 
wide range 7°~-24" diameter and 8 - 300 Ib. 
weight in irons with a tensile strength of 
15-24 toms per sq. in. Strict metallurgical 
control maintains the high quality of the material 
and advanced methods of mechanised production 
keep the cost of castings at the minimum. An 
interesting new leaflet is available on request. 


iP 

> 
SMETHWICK .40 BIRMINGHAM ~~... 


One of the advantages of talking over your bearing 
problems with SKF is that you get the benefit of 
experience of rolling bearing engineering all over the 
world. For SKF is a world-wide organisation, 
and behind the scenes there is a constant interchange 
of technical information and experience from the 
four corners of the earth. 
You can take advantage of this service—a service 
unique in its scope— by consulting SKF the next 
time you have a bearing problem. You will receive 
unbiased advice on bearing selection, for Skefko 
is the only British manufacturer of all four basic 
types of bearing — the ball, cylindrical roller, taper 
roller and spherical roller. 


THE SKEFKO BARA RING CO., LTD., LUTON, BEDS. 


88 : AUTOMOBILE ENGINEER, February 1953 


AUTOMOBILE 
ENGINEER 


Design, Materials, Production Methods, and Works Equipment 
Editor: J. B. DUNCAN 
Editorial Staff: T. K. GARRETT, A.M.I.Mech.E., A.F.R.Ae.S., F.C. SHEFFIELD 
Publishers: ILIFFE & SONS LTD., DORSET HOUSE, STAMFORD STREET, LONDON, S.E.1. 


Telegrams: Sliderule, Sedist London 


COVENTRY : BIRMINGHAM, 2: 
8-10, CORPORATION ST. 
Telegrams: Autocar, Coventry 


Telephone: Coventry 5210 


Autopress, 
MiDiand 


Telegrams: 
Telephone 


KING EDWARD HOUSE, NEW ST 
Birmingham 
7191-7 


Telephone: Waterloo 3333 (60 lines) 


GLASGOW, C.2: 
26B, RENFIELD ST. 
Telegrams: Iliffe, Glasgow 
Telephone: Central 1265- 

1266 (2 lines) 


MANCHESTER, 3: 
260, DEANSGATE 
Telegrams: lWliffe, Manchester 
Telephone: Blackfriars 4412 


PUBLISHED MONTHLY—SECOND WEDNESDAY 


Annual Subscription: Home and Overseas £2 11s. 6d., including the Special Number; Canada $7.50; U.S.A. $8.00 


VoL. XLIIE No. 563 


Low Viscosity Oils 


HAT advantages may be obtained from the use 

of low viscosity oils has been recognized for many 

years. In the early 1930’s investigations on the 

subject were carried out in the United States of 
America, and in this country the use of S.A.E.20-grade 
motor oils made a significant contribution to the fuel 
economy figures obtained with the Vauxhall and Bedford 
engines. Recently there has been renewed interest in this 
country in low viscosity oils such as S.A.E.10 and $.A.E.20. 
The incentives for this are rising fuel costs and the develop- 
ment of more competitive conditions. 

There are other fundamental reasons for the interest. 
One is that recent advances in lubrication technology have 
made it practicable to use lighter oils. Perhaps the most 
relevant advances are those concerned with the use of 
additives, because some of the problems associated with the 
use of lighter oils can be resolved satisfactorily only through 
the incorporation of additives. 

A second reason for the increased interest is that the 
oils now available are so much more efficient than were 
pre-war lubricants. So far as lubricating properties are 
concerned, present day low viscosity oils are equivalent 
to the higher viscosity oils of the 1930’s. Other factors 
that are tending to make the use of low viscosity oils more 
practicable are: the use of surface treatments on engine 
parts, such as phosphate coating and tin plating, to improve 
running-in properties; the adoption of design features 
such as taper faced piston rings, chromium plated rings, 
and special piston skirt contours; and the great improve- 
ments in oil and air filtration. 


Desirable properties 
A specification quoting only the viscosity number does 
not adequately indicate whether or not an oil is suitable for 
a specific application. Other qualities of the lubricant 
such as oiliness, maintenance of film strength and oxidation 
stability are also important. In addition, consideration 


must also be given to such performance features as cleanli- 


ness, oil consumption, improved wear and reduced corro- 
sion. These may be obtained by appropriate blending 
and refining processes as well as by the use of suitable 
additives. 

Experience shows that in suitable applications, appreci- 
able economies can be obtained from the use of low viscosity 
oils. Fuel savings of more than 6 per cent with S.A.E. 5W 
and over 5 per cent with S.A.E. 10W have been quoted 
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for bench tests. Indeed, for some tests it is claimed that 
the savings range from 7 to 10 per cent. It is doubtful, 
however, whether such savings would be obtainable in 
ordinary running conditions. 

In a paper read before the South Wales and Monmouth- 
shire section of the Institute of Transport, Mr. F. Lawrence 
of Shell-Mex and B.P. said that the gains experienced at 
normal temperatures were approximately equal for changes 
from S.A.E. 30W to S.A.E. 20 20W and from S.A.E. 
20 20W to S.A.E. 10W, but that only slight further gain, 
or even none at all, was obtained by a change to S.A.E. 5W. 
It seems possible that the slight reduction in friction losses 
with S.A.E. 5W oil is largely offset by a reduced efficiency 
of the gas seal in the ring belt. 


Worn engines 

There are, of course, disadvantages associated with the 
use of thin oils. For example, there are the possibilities 
of increased oil consumption and increased soot contamina- 
tion and oil detonation due to blow-by. ‘These effects 
will be particularly noticeable in worn engines. Indeed 
it is doubtful whether low viscosity oils should be used in 
engines that have already given long service. However, 
some investigators report little or no increase in oil consump- 
tion or deterioration, and there is no doubt that piston 
ring design and arrangement have a marked effect on these 
aspects of the problem. Opinions differ on the subject of 
wear. Some investigators report that the additional wear is 
negligible; others report that although the wear is more 
severe, this is more than offset by fuel and other economies. 


Operating conditions 


Operating conditions are important. 
commercial vehicles on short runs seldom reach maximum 
operating oil temperatures and for these it would probably 
be safe to use low viscosity lubricants. There would almost 
certainly be fuel economy, particularly where many starts 


For example, 


are made from cold. Even greater benefits could probably 
be obtained on long distance services, if there were some 
provision to prevent the oil temperature from exceeding a 
specified maximum. Other operating conditions that 
affect the choice of a lubricant are the nature of the terrain, 
the degree of wear in the engine, the amount of oil dilution 
with fuel normally experienced, and the degree in which 
carbon contamination tends to thicken the oil. Ambient 
air temperature is also important since it has a marked 
effect on sump temperature. A great deal of guesswork 
could be eliminated if records were made of oil temperatures 


H 
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under all running conditions during different seasons and 
in different countries. 

Design factors are also important. Oil temperature, for 
example, is governed by, among other things, sump 
design, the use of oil coolers, and the position of the sump 
in relation to the radiator and the exhaust pipe. It would 
appear that when low viscosity oils are employed, babbit- 
lined bearing shells are better than lead bronze shells. 
Bearing clearances also need careful investigation, since 
oil starvation in remote parts of the lubrication system could 
occur as a result of excessive leakage through the bearings 
nearest to the source of supply. The oil pump capacity 
must also be considered. In general, however, the oil 
pumps fitted to modern engines have delivery capacities 
adequate to cater for the lower viscosity oils. 

With the lighter lubricants, filtration of both oil and air 
is most important, since the film thickness between bearing 
surfaces is less than with the heavier oils. Therefore 
smaller particles of foreign matter will bridge the oil-filled 
gap between the surfaces, to cause scoring and abrasion. 

As friction increases with the relative velocity of the 
moving parts, it follows that greater benefits from the use 
of thin oils will be obtained with high speed engines rather 
than with the slower engines. Moreover, the higher 
frequency and shorter duration of the power impulses in 
high speed engines, as well as the stronger hydrodynamic 
lubrication effect, tends to make them the more suitable 
for operation with low viscosity oils. 


Cylinder wear 


It is generally agreed that most cylinder wear takes place 
during starting from cold, and there is little doubt that the 
thinner oils will more quickly wet the cylinder walls. 
This will in some degree offset any possibility of wear 
through film breakdown. It is open to debate whether the 
oil of low S.A.E. numbers will run off the cylinder walls 
more quickly and so nullify the advantages obtained in 
starting from cold. This can be proved only by further 
experience. Easier starting should lead to increased battery 
and starter life. 

Most of the experimental work so far carried out has 
been concerned with the use of lighter oils in existing 
designs. Much more satisfactory results should be obtained 
with engines specifically designed for low viscosity oils. 
For example, some modification of piston ring arrangement 
will probably be necessary, since there is only a small 
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margin between having adequate lubrication with a low 
rate of wear and undue oil consumption owing to leakage 
past the rings. 


Design factors 


Sump design must also be studied. Unduly high oil 
temperatures must be avoided, and corrugation of finning 
might be necessary. A blister-type cast sump with a baffle 
appropriately placed above the oil level to separate it from 
the crankcase, would closely resemble a dry sump system. 
More positive means of directing cool air over the sump and 
of preventing warm air that has passed through the radiator 
from passing over it would be advantageous. A simple 
baffle would probably be adequate for this purpose. 

Even the use of an oil cooler might be considered. 
Possibly the least expensive way of introducing such a unit 
would be to employ a by-pass system, on the lines already 
used for oil filters, and to use a water jacketed cooler 
cast integral with the cylinder block. This would avoid the 
expense of a separate pump and filter unit, and advantage 
could be taken of the less extreme range of temperatures 
obtained with a water cooled system. Of course, the 
coolant flow would have to be such that the in-going cool 
water passed first through the oil cooler jacket. 

Bearing clearances would probably be reduced, since 
excessive flow through some bearings could lead to starva- 
tion of others. Furthermore, small clearances are probably 
desirable for maximum bearing efficiency. With smaller 
clearances, rigidity, especially of the crankcase, would have 
added importance. Attention to all these factors is essential 
if the optimum results are to be obtained from the use of 
low viscosity oils. 

There is an unfortunate tendency in some quarters to 
expect more from a development than the facts warrant. 
This may well happen when low viscosity oils are used for 
the first time. It must therefore, be stressed that even 
under the most favourable conditions, the substitution of 
light oils for those now in general use can scarcely be 
expected to lead to marked improvements in efficiency with 
a consequent marked decrease in fuel consumption. 

Nevertheless, all the evidence suggests that definite, 
though slight benefits may be expected. Present-day 
power units and transmissions have reached such a degree 
of efficiency that there is little hope that any one factor will 
greatly reduce operating costs. Any marked improvement 
can come only as a result of the cumulative effect of many 
slight improvements. 
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SEDDON CHASSIS 


A Range of Diesel-engined Goods and Passenger Vehicles 
& & 


HAT may best be 
described as tradi- 
tional British heavy Model 


RANGE OF CHASSIS 


43 


brisk business in the conver- 
sion of existing medium- 


Wheelbase Weight Capacity capacity trucks to diesel power 
5S 10 Tipper 10 ft 50 cwt 6-7 ton 
chassis is the distinguishing = 5¢9 2 Tractor 9 ft 47 cwt 10 ton became available. 
characteristic of Seddon 8 Tractor* 9 ft 48 cwt 10 ton The obvious need, how- 
Diesel goods and passenger 4C Goods 14 ft 11 in 58 cwt 6-7 ton ever, was for a medium- 
machines. From the outset 4 Passenger 14ft1lin 58 cwt 32 seat capacity chassis built upon the 
these vehicles have employed 6 Passenger 16 ft 4 in 60 cwt 35 seat same lines as the heavy trans- 
Perkins engines as power 71 Goods 10 ft 6 in 36 cwt 3 ton port vehicles and specifically 
units. In this connection it ft 6 in 39 cwt 3 ton laid out to take full advantage 
must be recalled that the Factor 0m 30 cwt of the economic influences 
7P Passenger 10 ft 6 in 37 cwt 25 seat ; 


modern type of British auto- 

motive diesel engine came 

into being at a time of severe 
economic stress, and that, to a very 
great extent, its rapid development 
was a result of the pressure of a period 
when all the emphasis was placed upon 
reduction of operating costs. 

Because of that state of affairs, the 
oil engine was at first chiefly applied to 
the largest class of vehicle, since its 
economy was only fully exploited under 
maximum load conditions in con- 
tinuous operation. However, after the 
initial development troubles 
had been overcome it became 
apparent that fuel economy 
was not the only virtue of the 
type. Dimensional and 
material specifications — had 
necessarily been adopted that 
provided both mechanical 
reliability and _ longevity. 
Moreover, when the combus- 
tion process and its associated 
problems _ properly 
understood it was appreciated 
that the thermal cycle itself 
had an inherent influence in 
the same direction. 

Smaller diesel engines, such 
as would be suitable for 
medium - capacity vehicles, 
were not at once developed 
with the same enthusiasm and 
enterprise. The then current 
opinion was that as medium- 
capacity vehicles of about five 
tons payload were derived 
mainly from the private car 
side of the industry, their 
chassis were of relatively light 
construction, particularly at 
the front end, and that in con- 
sequence their life was com- 
paratively short — much 
shorter, indeed, than the life 
of a diesel engine. This state 
of affairs created the un- 
economic situation of revers- 
ing the customary service 
procedure of fitting replace- 
ment engines in  part-worn 
chassis to the need for build- 
ing replacement chassis 
around a less than half-worn 
engine. 

Nevertheless, where such 


Mk 5L gocds chassis with two-speed axle. 


*Equipped for Scammell semi-trailers 


medium-capacity trucks could be oper- 
ated intensively on long-distance 
haulage, coupled with a greater or less 
degree of overload, the saving in fuel 
cost could more than off-set the com- 
paratively low cost of a new chassis, less 
engine. This procedure, in which an 
engine was transferred through a 
sequence of chassis, was profitable to 
some operators, even if it was un- 
economic in a wider sense. It led to a 


basically common to the whole range 


upon design arising from the 
characteristics inherent to the 
diesel engine. ‘This was the 
idea behind the origin and production 
of the Seddon range. 

Perkins engines, being the only pro- 
prietary make of the required size, were 
naturally adopted and have been used 
exclusively ever since. Similarly, the 
ctier main components were pro- 
prietary units, selected for their robust- 
ness of design, and embodied in a 
general layout that was simple and 
straightforward. Appropriate construc- 
tional methods were followed, 
notably in the use of fitted 
bolts in the assembly of the 
main structure, and in adher- 
ence to a rectangular frame 
plan, incorporating side mem- 
bers as free from upswept 
arches and inward crankings 
as possible. Thus, throughout 
the entire series of Seddon 
vehicles there is a recognizable 
unity of design and = an 
absence of —non-essentials 
characteristic of the typical 
British transport vehicle. 

At the present time the 
Seddon_ range’ comprises 
eleven chassis, eight for goods 
and three for passenger work. 
The basic model is a normal 
lorry chassis from which are 
derived variants as to wheel- 
base, overall dimensions and 
load capacity, providing for 3, 
5 or 7 tons payload. ‘There 
are also two short wheelbase 
models for end-tipping appli- 
cations and three tractors, one 
for large articulated six- 
wheelers of —permanently- 
coupled type, another with its 
chassis modified to incor- 
porate Scammell automatic 
coupling and a third which is 
a small unit suitable for the 
local transport class of semi- 
trailer. 

On the passenger chassis, 
two are for 32 or 35 seat 
capacity single-deck bodies, 
their respective wheelbase 
lengths being 14ft in and 


The general layout is 16 ft 4in. The third is a short- 


wheelbase (10 ft 6in) model 
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for a 25-seater one-man operated bus. 
This is the smallest oil-engined public 
passenger transport vehicle built in 
this or any other country. All chassis, 
both goods and passenger, are powered 
by Perkins P6 engines except the 3-ton 
goods and the 25-seater passenger 
machines, which have the P4 unit. 
The frames on which the goods 
chassis are based are of rectangular 
form, of rolled channel steel, with level 
top flange. The maximum depth of 
section is 8} in, tapering to the front 
to and to to the rear. 
Passenger frames differ from the others 
in that they incorporate shallow swept 
wheel arches and are cranked inwards 
to reduce the overall width of the load- 
carrying portion from 44in to 33in 
over the front axle. The greatest depth 
of the channel section is 8} in and this 
tapers in front to 54% in and to 4} in at 
the rear. The cranked part of the side 
member is reinforced by a plate welded 
across the flanges to form a_ box 
section, the ends of this piece being 
notched to graduate the change. Taper- 
ing of the side members is effected by 
bringing up the lower flange while the 
upper one ts level throughout its entire 
length except at the wheel arch. The 
flanges are 2}in wide. Alloy steel 
(V6A) of | in thickness and having a 
35 ton tensile rating and 23 ton yield 
point is used for the side members. 
The 3-ton goods and = 25-seater 
passenger chassis also have frame side 
members of V6A. They are of some- 
what shallower section, with narrower 
flanges and reduced thickness of 
material. The bus chassis frame is 6 in 
deep, tapering to 5in in front and 4 in 
at the rear. Flanges are 2} in wide and 
the thickness of the metal is; in. 
Cross-members vary) somewhat 
according to chassis type and also with 
their individual location and function; 
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SPECIFICATION 


ENGINE: Six- (or four-) cylinder oil 
engine with air-cell combustion cham- 
ber. Bore and stroke, 88-9 mm 127 
mm, 4,730 c.c. (or 3,150 c.c.). Seven 
(or five) bearing crankshaft with steel 
shell lead-bronze bearings. C.A.V. 
injection pump with two-hole sprayers 
and pneumatic governor. 

CLUTCH: Single dry plate, 12 in (or 
10 in) diameter. 

GEAR BOX: Five-speed with single 
helical constant mesh gears on top, 
fourth and third ratios. Direct top or 
overdrive (optional). Models with 
four-cylinder engine have four-speed 
box with helical constant mesh top, 
third and second speed. 
TRANSMISSION: Open tubular pro- 
peller shaft, divided or single according 
to wheelbase. Divided shafts have 
rubber bushed flexible joint at gear 
box coupling otherwise needle-roller 
universals throughout. 

REAR AXLE: Hypoid bevel, four-pinion 
differential. Full floating. Taper 
roller bearing hubs. Ratio, 6-16 to 1 
(or alternatives). Two-speed axle 
6-33 and 8-81 to 1) on tractor models 
(also applicable to other heavy duty 
types as optional extra). 

STEERING: Cam and twin roller. 
SUSPENSION:  Semi-elliptic springs. 
Helper leaves on goods models. Hy- 
draulic shock dampers on passenger 
chassis. 

FRAME: Pressed steel channels and 
cross-members, also tubular cross- 
members on passenger models. 
BRAKES: Hydraulically operated two- 
LS type. Vacuum servo assistance on 
six-cylinder engined models. 
ELECTRICAL EQUIPMENT: C.A.V.12¥ 
lighting and starting. 


nevertheless a common. plan is 
followed throughout. On all models 
there is a straight channel across the 
front which carries the front bracket 


4” 


of the three-point engine mounting and 
also supports the radiator. Next, and in 
line with the flywheel housing, is a 
dropped member fabricated from two 
steel channels set web to web but 
separated by welded tubular distance 
pieces. The resultant modified H- 
section, bent into a wide U form, has 
fabricated “top hat” section brackets 
welded into its ends and bolted inside 
the frame channels. This member con- 
tributes greatly to the rigidity of the 
frame and completely relieves the 
engine itself of any duty as a frame 
suffener. 

On the longer chassis a deep pressed- 
steel cross-member is located near the 
centre of the frames for carrying the 
intermediate bearing of the divided 
propeller shaft. For lightness the web 
of this member is extensively cut away. 
On the shorter chassis in which a single 
undivided shaft is used, this type of 
cross-member is not necessary. 

On the goods chassis in general, the 
cross-members are of channel section 
of similar material to the frame. They 
are located between the rear spring 
brackets, fore and aft of the axle, and 
are substantially gusseted and riveted 
to the top and bottom flanges of the 
side members. ‘The equivalent cross- 
members on the larger passenger 
chassis are tubular, being 3, in and 5 in 
in diameter with | in wall thickness. 
They have machined and welded 
flanges bolted through the side member 
web, the bolts picking up the spring 
brackets mounted on the outer face of 
the channels. ‘There is also a 3in 
12 gauge cross tube at the extreme rear 
of the frame, while on the longest bus 
chassis (Mk. 6) an additional arched 
cross tube is placed behind the engine 
bearer cross-member and forward of 
the intermediate bearing support. 


With the exception of the two 
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Tubular cross members and swept wheel arch on Mk 4 and Mk 6 passenger chassis 


models powered by the four-cylinder 
engine, all chassis follow the conven- 
tional forward-control layout with 
driver beside engine, the power unit 
being mounted directly above the front 
axle. In the case of the two exceptions 
the forward overhang 1s greatly 
increased so that the engine and gear 
box are actually forward of the axle, 
thus permitting the driver’s cab on the 
goods chassis, or the passenger entrance 
on the bus to be forward of the front 
wheels. 

An interesting feature of frame con- 
struction is that the side members are 
jz drilled and are thus interchangeable 
and replaceable without adjustment of 
bolt holes or the like “ fitting” to suit 
the existing components. It may be 


considered 


that such a state of affairs 
could be taken for granted, but it does 
not follow that it universally obtains in 
heavy vehicle manufacture. However, 
although Seddon output has never 
claimed mass-production status, the 
fundamental requirements have always 
been fully recognized, hence one of 
the earliest pieces of special equipment 
laid down was a side member drilling 
rig consisting of a jig fixture incorpor- 
ating a railed track along one side of 
its length. A small trolley carrying a 
permanently mounted electric drill 
traverses this track, adjustment for 
drill spindle height being provided so 
that the drill can be aligned with the 
bushed jig plates attached to the fixture 
on which the channel is mounted. By 


16'- 0" 


Mk SL goods chassis, the basic Seddon type 
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limitation of bolt sizes and by the dis- 
position of their location in the web, 
frame drilling on this simple shop-made 
rig is carried out rapidly and with as 
high a degree of accuracy as on some 
of the exceedingly elaborate machine 
too! equipment now available. 
Semi-elliptic springs of 90 ton oil- 
hardened silicon - manganese steel 
(EN45) are used for both front and rear 


suspension. ‘There are variations in 
mounting and dimensions in_ the 
different models. For example, the 


loaded between-centres length is from 
38 in to 45in (front), and from 52 in 
to 60 in (rear). A small camber is main- 
tained on all front springs, but at the 
rear this varies with the type of vehicle, 
the tendency being to approach flatness 
under load, or even to pass into slight 
reverse camber. This latter condition 1s 
most evident on the larger passenger 
models, on which, incidentally, the 
front deflection is 2} in and the rear 
5in. On these chassis front and rear 
suspension is controlled by Newton 
telescopic dampers while on the small 
bus, Girling horizontal link-connected 
double-piston dampers are fitted. All 
passenger models are provided with 
rubber bump stops for both front and 
rear axles. 

Spring leaves vary in number, width 
and thickness according to the vehicle 
type, its load capacity and the con- 
ditions prevailing in the country in 
which it will be used. On the heavier 
goods and the larger passenger chassis 
the spring leaves are 3} in wide on 
both axles while on the 3-ton and 25- 
seater types they are 2} in. A typical 
spring make-up of the heavy type is 11 
leaves for the front and 15 for the rear, 
with a ,in thick main plate. The 
second and other supporting leaves 
may also be of the same thickness, the 
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remainder of the assembly being made 
up of 1s in leaves. As there are some 70 
suspension variations it is not possible 
to particularize more precisely. 

There is, likewise, a varied employ- 
ment of rebound plates, anti-roll clips 
and extended second leaves to reinforce 
the main leaf eyes. In general, the 
heavier goods models incorporate full- 
length rebound plates and also have 


“helper” leaves which give progressive , 


suspension characteristics under maxi- 
mum load conditions. Passenger models 
have short anti-roll plates instead of 
the full-length type. 

Shackle pins are of the headless 
parallel type, of case-hardened alloy 
steel (EN33), clamped in the split ends 
of the shackles, the pinch bolts engag- 
ing cotter grooves in the pins for lateral 
security. The same method of fixing 
in the outer faces of the frame brackets 
is used, the inner ends of the pins being 
supported plain push-fit holes. 
Shackle-pin diameter is jin (front) 
and 1 in (rear) on all models except the 
two large passenger chassis and the 
extra long wheelbase (4C) goods model 
based on them, which have 1} in pins 
all round. 

Attachment of the springs to the 
axles also shows some variation of 
method from one type of chassis to 
another, All front springs are above the 
axle beam, with U-bolt fixing, while 
the rear springs are above the axles on 
the goods chassis but are underslung 
on the two larger passenger models, 
the Mk. 4 and Mk. 6 on which the 
springs are directly under the frame 
side members, whereas on the goods 
types they are outside the frame. 
Springs outside the frame and resting 
on the axle spring seatings are held by 
inclined U-bolts but the underslung 


Front axle steering swivel and hub assembly. Common to all 


AUTOMOBILE 
ENGINEER 


springs of the 
passenger models 
are held by four 
hex - head _high- 
tensile bolts and a 
clamping plate. 
Front axles are 
of standard  pro- 
prietary type, the 
forged beam being 
of oil - hardened 
chrome - molyb- 
denum steel of 48 
tons tensile. Stub 
axle forgings are 
of similar material 
with tensile 
raised into the 50- 
60 ton range. The 
forged steel hubs 
run on Timken 
taper roller bear- 
ings. Rear axles 
also. show some 
divergences, not 
only from the final 
drive aspect 
which will be dealt 
with more fully 
later, but also 
structurally: 


47 


In short there is no Underslung rear spring and Newton shock damper on Mk 4 and 


commitment either 

to the integral one- 

piece axle beam or 

to the composite type with tubes 
inserted into a cast differential casing, 
both constructions being used. 

The power unit common to_ the 
greater part of the range of chassis is 
the Perkins P6 oil engine, the excep- 
tions being the 3-ton goods and 25- 
seater passenger machines, which are 
powered by the P4. Both engines are 
of the same general type and apart 

from the number of 

cylinders, are of 

similar specifica- 

tion, of monobloc 

construction and 

having the same 

cylinder dimensions 

of 34in bore 

and Sin stroke 

(88-9 mm = 127 mm, 

4,730 c.c.). Norm- 

ally the P6 engine 

is rated at 70 b.h.p. 

at 2,200 r.p.m., with 

maximum torque of 

- 184 lb-ft at 1,000 
but as in- 
in Seddon 
chassis the output 

is increased to 79 

bys raising 

> / the governed speed 

to 2,400r.p.m. 
| Similarly the 46 

! (2,200 r.p.m.) 
normal output of 
the 3-15 litre P4 
engine is stepped 
up to 50 b.h.p. 

The combustion 
system employed in 
these engines is the 
Perkins “ Aero- 


models with six-cylinder engines flow” type with 


Mk 6 passenger chassis 


off-set air-cell combustion chamber 
and a two-hole C.A.V. injector, one 
spray from which is directed into the 
cell while the other is aimed into the 
throat of the venturi connecting the 
cell with the clearance space. Compres- 
sion ratio is 16-5 to 1 and injection 
pressure is 1,8001b/sqin, the pump 
being the C.A.V. type with integral 
pneumatic governor. The forged 
chrome-molybdenum — crankshaft — is 
supported by steel shell lead-bronze 
bearings between each throw, end 
thrust being taken in both directions 
by the side faces of the rear bearing. 
The journal diameter is 70 mm, and the 
crankpin diameter 57 mm. 

Dry liners are fitted in the cast iron 
block. ‘The head is also of cast iron and 
in one piece, covering six (or four) 
cylinders. The vertical overhead valves 
are push-rod operated through rockers 
from a high camshaft running in plain 
bearings in a tunnel on the right side 
of the cylinder block immediately 
beneath the head joint. The camshaft 
is driven by a triple roller chain which 
also drives the injection pump. There 
is a single V-belt for the water impeller 
and fan, which are mounted on a 
common spindle running in a ball and 
roller bearing mounted side by side. 
Belt tension is adjusted by movement 
of the dynamo, its pulley serving as a 
jockey. 

The electrical system operates at 12 
volts, as distinct from the 
generally adopted for the British diesel. 
It may be pointed out, however, that 
under normal conditions in this 
country, even in winter, the 12 v equip- 
ment is adequate for starting and its 
use makes an important contribution 
to weight reduction. For more difficult 
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conditions, Perkins engines 
incorporate, as standard fit- 
ments, the Kigass system of 


paraffin injection into the 
inlet manifold, which 
there is also an_ electrical 


heater coil, 

Pressure lubrication 
provided by a slow-running 
rotary oil pump driven from 
the shaft of the injection 
pump coupling through steel 
skew gears. The low pump 
speed ensures efficient  self- 
priming. Oil is drawn from 
the sump through a_ large 
strainer and is delivered by 
way of Vokes full-flow 
filter, flange-mounted on the 
left side of the crankcase. 
Coolant circulation in the 
cylinder head is assisted by 
the impeller which rotates in 
a flange-fitted housing on the front 


face. No positive flow directed 
through the cylinder jackets, cooling 
round the bores being by natural 


circulation. 

On the P6 engine the injection pump 
is driven in tandem through a Clayton 
Dewandre vane-type vacuum brake 
exhauster. The shortness of the four- 
cylinder (P4) unit precludes this 
arrangement and in consequence the 
vehicles fitted with this engine are not 
equipped with vacuum. servo — brake 
actuation, 

Engine mounting on all models pro- 
vides limited flexibility through the 
medium of bonded rubber bushings 
and pads with three-point support. At 
the rear two mountings are attached 
to the flywheel housing to coincide 
with the end brackets of the fabricated 
dropped — cross-member already 
described. In front a bracket is bolted 
across the cylinder block to co-operate 
with a rubber support of the sandwich 
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Perkins cylinder head, showing Aeroflow combustion chamber and 


Kigass starting equipment 


type resting on the front cross-member. 
The detachable tube radiator also 
stands on rubber pads on the same 
member. It is positioned by stays at 
the top on all models except the Mk. 7 
types on which the radiator is stayed 
in the upright position by bonded 
rubber sandwich brackets connected 
between its side frames and the fabri- 
cated steel apron plate mounted across 
the front of the chassis. 

The gear box is coupled to the 
engine through a cast aluminium bell- 
housing which encloses the Borg & 
Beck clutch. On the larger engine this 
is 12in diameter with 151 sq in fric- 
tional area. Its torque capacity is 
203 Ib-ft at 1,500r.p.m. The Ferodo 
friction material is | in thick. With- 
drawal is through a deep-groove ball 


bearing. On the P4 engine the clutch 
diameter is 10 in, and the total frictional 
area is 82sqin. This clutch will 


transmit a 123 lb-ft at 


1,500 r.p.m. 


torque of 
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Proprietary gear boxes are 
employed. Normal equipment 
for the larger models is a 
five-speed type with direct 
drive on top gear; there is an 
alternative overdrive top for 
special requirements. These 
boxes were designed in the 
first instance specifically to 
Seddon requirements. Four- 
speed boxes are also available 
and are the standard equip- 
ment on the small chassis 
with four-cylinder engines. 
Gears are of nickel-chrome 
case-hardened _ steel. The 
main shaft is short and stiff, 
the root diameter of the 
splined portion being 1% in 
on the five-speed type. On 
this box the construction is 
somewhat unusual in that the 
cast aluminium casing is in 
two halves, the joint being vertical 
through the centre line of the two 
shafts which are carried in ball bear- 
ings throughout. The outer races of 
the bearings are seated in machined 
steel cups secured in position by stud- 
fixed cast caps, being registered in 
holes machined in the ends of the 
assembled gear box casing but not 
specifically clamped therein by the 
drawing together of the two halves by 
the transverse bolts which pass through 
the assembly. 

Both shafts are supported by inter- 
mediate bearings mounted in a web or 
partition which divides the interior of 
the box into two parts, one housing 
the layshaft constant mesh pinions and 
fourth gear and the other the three 
lower ratios. The adequate support 
provided for the main shaft eliminates 
the necessity for location by a spigot 
bearing in the first-motion shaft. This 
latter is located by the combination of 
a ball and a roller bearing in which it 


Longitudinal section of Perkins 


P6 six-cylinder engine 


Perkins P4 four-cylinder engine, the power unit of the Mk 7 


series vehicles 
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is carried. Gear engagement is by 
sliding dogs for the three higher ratios 
which have constant mesh helical 
pinions. ‘The two lower ratios have 
sliding engagement of their straight- 
tooth gears. Only the first-and-reverse 
gear pinion is integral with the lay- 
shaft. All the other pinions are pressed 
on separately. They are located and 
driven through long keys. Control is 
from a “ remote ” ball-change mounted 
directly on the gear box. An extension 
housing for the gear lever pivot 
projects forward and the lever itself 
is also bent forward, so that the knob 
is placed above the flywheel housing. 

An interesting detail of assembly 
practice, which again reflects the 
Seddon approach to these matters, is 
seen in a rig for bringing the engine 
and gear box together. It comprises a 
fixed stand, extending from which is 
a short track on which a trolley moves 
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Borg and Beck 12in clutch in P6 engine 
flywheel 


to or from the flywheel end of the 
mounted engine. A fixture on the 
trolley that can be raised or lowered 
by a small hydraulic jack receives the 
gear box in a position in which its 
input shaft is in the same vertical 
plane as the engine crankshaft. Lateral 
play in the trolley runners and height 
adjustment by the jack enable the gear 
box to be offered up to the flywheel 
housing with the clutch shaft spigot 
accurately positioned, so avoiding any 
risk of distortion or stress on the 
spigot bearing such as may occur in 
carrying out this operation by block 
and tackle methods. 

Normal gear ratios are 1, 1-6, 2-79, 
4-73 and 8-14 to 1 forward, with 7-76 
to 1 reverse. In conjunction with the 
standardized axle ratio of 6-16 to 1, a 
road speed of 42:20 m.p.h. is attained 
at the governed engine speed of 2,400 
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P6 (right) engines fitted to Seddon vehicles. 


Normal output is increased by raising maximum r.p.m. from 2,200 to 2,400 


r.p.m. For certain classes of operation, 
such as trunk route long-distance 
haulage, or touring coach work, a 
higher speed and improved fuel con- 
sumption may be gained by use of a 
higher top gear ratio and in such cir- 
cumstances the indirect overdrive 
provides ratios of 0-812, 1, 1-72, 3-65 
and 6-61 to 1 forward, with 6-38 to 1 
reverse. With this box and the same 
axle ratio and engine speed, the road 
speed is 52-71 m.p.h. 

The four-speed box fitted to the 
smaller chassis has ratios of 1, 1-78, 
3:17 and 5-72 to 1 forward and 6-86 
to 1 reverse. At the same governed 
engine speed of 2,400 r.p.m. and with 
an axle ratio of 6-83 to 1, the maximum 
road speed is 38-39m.p.h. or 44-0 
m.p.h. with a 5-57 to 1 axle. 

Transmission is by open tubular 
divided propeller shafts on all except 
the very short-wheelbase and _ tractor 
models, the shafts being 3 in diameter 
on the six-cylindered chassis and 2} in 
on the four-cylinder types. The 
coupling at the gear box output flange 
is the Layrub Type 
90, on models with 
the P6 engine and A | 
Type 80 with the ir 
P4unit. Support for , 
the outer end of | 


the primary pro- 

peller shaft is given | A} 
SS. 


bearing assembly 
rigidly mounted in 
the web of the deep 
channel cross- 
member fitted on 
all the longer wheel- 
base models. The 
rearward portion of 


the divided pro- 
peller shaft has 
Hardy-Spicer Type 


1510 universal 
joints at each end 

on the larger and 

Type 1410 on the 

smaller - engined L 
chassis. Models 
with single  pro- 


peller shafts have Diagrammatic arrangement of overdrive five-speed gearbox, first 


joints of the mech- 


anical type at each end of the shaft. 

As has already been mentioned, 
there is some divergence in rear axle 
type throughout the range. The usual 
equipment is now the Moss hypoid 
bevel pattern which has replaced the 
spiral bevel. On the heavier goods and 
tractor chassis there is also available 
the two-speed final drive provided by 
the Eaton axle, which had its first 
British application on Seddon vehicles. 

For normal service the Moss axle 
has a reduction of 6-16 to 1. It is of 
the full-floating type with 1%: in drive 
shafts of oil-hardened 75 ton. steel 


(EN25), which have their outer ends: 


upset to form coupling flanges to 
which the hubs are attached by eight 
‘in high tensile studs and nuts. The 
hypoid bevel pinion is of 3 per cent 
nickel-chrome steel and is_ straddle 
mounted, running in two steep-angle 
‘Timken taper roller bearings with a 
parallel roller outrigger bearing at the 
pinion nose. The four-pinion bevel 
differential gear is carried in a malle- 
able cast iron housing. On the smaller 
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Five-speed gearbox. 
of the shafts 


four-cylinder engined chassis the rear 
axle is of the same general design 
except that the drive shafts are reduced 
to in diameter. 

In the Eaton axle, in which the main 
reduction is by spiral bevel, the two 
ratios provided are 6-33 and 8-81 to 1. 
The lower ratio is obtained through an 
internally toothed epicyclic gear inter- 
posed between the crown wheel and 
the differential cage, and selection ts 
effected by movement of a dog clutch 
to lock the rotating parts together as 
a solid unit or to hold the reaction 
member (the sun pinion) against rota- 
tion by connecting it to the axle casing. 
Dog clutch movement is made through 
a vacuum-operated diaphragm unit on 
the axle controlled by flexible cable 
from a button attached to the normal 
gear lever. The axle shafts in this unit 
are of EN25Z_ steel though 
approximately of the same diameter 


{ | 


The casing is divided vertically on the axes 
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they are treated to 
give 100 tons ten- 
sile to cope with 
the increased 
torque loading 
when operation § is 
through the lower 
final drive ratio. 

On all models 
the hubs run on 
taper roller bear- 
ings and are pro- 
vided with eight 
in wheel studs; 
the brake drums 
are fitted on the 
same studs, being 
clamped between 
the wheel disc and 
the hub body. 
Concentricity is 
assured by the 
machined part of 
the hub centre act- 
ing as a spigot on 
which the drum is 
registered; the studs are also 
shouldered to coincide with the brake 
drum holes. 

Brake drum material is alloy iron 
and two cooling fins and a thickened 
rim are embodied in the casting. On 
the larger chassis the internal diameter 
is 16in on both front and rear axles 
with front shoe width of 25 in and 
rear 34 in. The total friction area is 
sqin; lining thickness in. 
On the smaller machines the rear 
brakes are also 16in diameter, but the 
front are 14 in, all shoes are 2! in wide 
and total braking area is 292 sq in. 

Brake shoe mechanism throughout 
the entire range is of the Girling two- 
leading-shoe type, hydraulically oper- 
ated and with vacuum servo assistance 
except on those chassis with the P4 
engine. On the larger models the brake 
actuating mechanism is combined in a 
single unit comprising the Clayton 
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Dewandre vacuum servo cylinder and 
the Lockheed (or Girling) hydraulic 
master cylinder. On passenger chassis 
this assembly is mounted on a steel 
plate across but not in contact with the 
flanges of the channel inside the frame. 
It is held by two bolts which pass 
through the side member web on its 
longitudinal centre’ line, suitable 
distance pieces holding it just clear of 
the flanges in order to avoid the effect 
of a local change of section from 


Driving controls, instruments and switch- 
gear on the larger vehicles 


channel to box at a point where the 
risk of stress concentration is con- 
siderable. Also carried on the same 
plate is the bearing boss for the rock- 
ing lever through which the control 


Four-speed gearbox with 10 in clutch used on Mk 7 series with four-cylinder engines 
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rod from the brake pedal is connected 
to the servo mechanism. On the goods 
models the brake servo unit is outside 
the frame (which is narrower) and is 
bolted directly to the web of the 
channel. 

A 1,000 cuin vacuum reservoir is 
fitted in a location to suit the layout 
of the particular chassis type (the 
same consideration also applies to the 
cylindrical 25 gallon fuel tank). Mech- 
anical actuation of the rear brakes is 
by rod to a relay lever adjacent to the 
forward bracket of the rear springs, the 
final connection being by flexible cable 
to the usual Girling transverse com- 
pensating linkage. Here again the 
hand brake rod may be inside or out- 
side the chassis frame according to the 
layout of the particular model con- 
cerned. On the four-cylinder engined 
chassis, brake arrangement is much the 
same, apart from the absence of the 
vacuum cylinder. The Girling 
hydraulic cylinder may be either out- 
side or inside the frame, according to 
whether the chassis is of the right- or 
left-hand drive type. 

Steering is by Marles cam and 
double roller gear mounted at the 
extreme front of the frame and having 
a trailing drag link. Thompson self- 
adjusting ball joints are used through- 
out’ the steering connections. The 
overall ratio of the gear is 24-7 to 1; 
this requires approximately 4; turns 
of the 20in diameter spring spoked 
wheel for the full movement (70 
degrees) from lock to lock. The steer- 
ing gear has been selected in relation 
to a maximum front axle load of 
3ton Scwt. Both the drop arm and 
the rocker shaft are of manganese- 
molybdenum steel of 60-65 ton tensile. 

Tyres on the larger models are 
12-ply 8-25 in x 20in single front and 
twin tear, and run at 801b/sqin 
pressure. On the smaller machines 
they are 10-ply 7-00 in x 20 in. 
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Underfloor installation of Perkins P6 engine 32-seater in single-deck chassis 


Electrical equipment on the larger 
models comprises a C.A.V. 
dynamo (D5/LF.A.10) with voltage 
control unit 107.A.3 and axial starter 
motor BS.512.K.66, in conjunction 
with two 17-plate 6 v 154 a.h. accumu- 
lators in series. On the smaller chassis 
the dynamo is the C45.PV/5 type and 
the batteries are of the 11-plate size, 
rated at 78 a.h. 

All chassis are readily convertible 
from right- to left-hand control and 
can be supplied for export as bare, 
with cab, or with timber or metal 
bodies. Passenger bodies of 25, 31 or 
35 seat capacity are produced in stan- 
dardized form in light alloy to an 
exclusive design which facilitates dis- 
patch in completely or partially 
knocked-down condition; in the latter 
state the sub-assemblies are readily 


Hypoid bevel axle as used on all types 


brought together by semi-skilled oper- 
atives to complete a which 
thereafter may be treated as a_ self- 
contained structure can be 
mounted on a chassis or lifted off as 
a whole. The production of such a 
body within the same organization has 
resulted in the development of methods 
of attachment to the chassis which 
provide many of the advantages of 
integral construction, notably the 
elimination of weighty height- 
increasing floor bearers. A truss-plate 
mounted transversely across the chassis 
above the rear engine brackets forms a 
substantial reinforcement to the cab 
or body structure at a point where 
torsional deflections are liable to make 
themselves most evident. 

A recent variation in the passenger 
range is an_ underfloor - engined 
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32-seater single-deck chassis which 1s 
unusual in that the Perkins P6 power 


unit, instead of being horizontally 
mounted, is of the normal vertical type. 
The virtually unmodified engine is 


positioned in the centre of the frame 
on dropped hangers so that its cylinder 
head cover does not project more than 
about 4in above the level of the side 
member top flanges. In the complete 
vehicle this projection is accommo- 
dated within the body underframing 
by raising the floor level merely j in. 

The chassis follows the general 
specification common to the range, the 
only notable difference being the 


shortness of the wheelbase (13 ft 11 in) 
in relation to 


the overall length of 


The following meetings will be held 
during February: 
NORTH-EASTERN CENTRE 

Wednesday, 18th February, 7.30 p.m. 
Annual General and Ordinary General 
Meetings in the Chemistry Lecture Theatre, 
The University, Leeds. Paper: ‘Rear 
Axles,” by R. H. Wilson. 
NORTH-WESTERN CENTRE 

Wednesday, 18th February, 7.15 p.m 
Annual General Meeting followed by an 
Ordinary General Meeting in the 
Engineers’ Club, Albert) Square, Man- 
chester. Paper: “ Safety Glass,” by H. 
Irwin, B.Sc. Tech.) (Man.), M.I.Mech.E. 
SCOTTISH CENTRE 

Monday, 16th February, 7.30 p.m. 
Annual General Meeting followed by an 
Ordinary General Meeting in the Institu- 
tion of Engineers and Shipbuilders, 39, 
Elmbank Crescent, Glasgow. Paper: 


“ Instrumentation,” by J. A. Singleton. 
WESTERN CENTRE 
Thursday, 


26th February, 6.45 p.m. 
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Eaton two-speed axle fitted to Mk 5 tractors and other heavy-duty vehicles 


25ft Yin, involving a front overhang 
of 5Sft. Mechanically the changes 
resulting from the new engine position 
are the underslung radiator and fan 
unit behind the front axle and a single 
propeller shaft only 38in long con- 
necting the unit-mounted gear box to 
the back axle. 

Access to the engine is gained 
through a trap in the centre gangway 
of the body floor, this opening being 
flanked by a smaller trap on the near 
side in which the mechanic stands with 
his feet on the garage floor, the chassis 
side member being between him and 
the power unit. 

This unorthodox underfloor layout 
may be regarded as somewhat experi- 
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mental in so far as the reaction of 
operators is concerned. The subsidiary 
“manhole” at the side of the engine 
access trap involves removal of seats, 
although this may be less of a problem 
to the small fleet owner than the provi- 
sion of special pits which the flat type 
of underfloor installation demands for 
easy servicing. Complete removal of 
the engine necessitates the provision 
of an off-side central door through 
which the jig of a garage crane can 
be entered to lift and withdraw the 
unit. The arrangement is obviously 
limited to engines of moderate overall 
height and size, in which respect the 
P6 is perhaps the only suitable type of 
its power rating. 


INSTITUTION OF MECHANICAL ENGINEERS 


Forthcoming Meetings of the Automobile Division 


Annual General Meeting followed by an 
Ordinary General Meeting in the Grand 
Hotel, Bristol. 


The following meetings will be held 
during March:— 


LONDON 


Tuesday, 10th March, 5.30 p.m. 
General Meeting at Storey’s Gate, St. 
James's Park, SW.1. Paper: “Engineering 
( thange by Harold Drew, B.Sc., 
M.1.Mech.E. 


COVENTRY CENTRE 

Tuesday, 3rd March, 7.15 p.m. Annual 
General Meeting followed by Ordinary 
General Meeting in the Craven Arms 
Hotel, High Street Paper: “Gas Turbine 
Development,” by B. E. G. Forsling. 


DERBY CENTRE 

Monday, 9th March, 7.15 p.m. General 
Meeting in the Midland Hotel. Address 
by the Chairman of the Automobile Divi- 
ston, Mr. Maurice Platt, M.Sc.(Sheffield), 
M.1.Mech.E., entitled “The Changing 
Practice of Automobile Engineering.” 


LUTON CENTRE 

Monday, 9th March, 7.30 p.m. General 
Meeting in the Town Hall, Assembly 
Rooms. Paper: “ Some Problems Arising 
from the Wider Use of Small Diesel 
Engines,” by 7. H. Pitchford, M.A. 
(Cantab), M.1.Mech.E. 


Plasties Exhibition 
N account of the Coronation, the 
opening of the second British 
Plastics Exhibition has been postponed 


from Wednesday, June 3rd, until 
Monday, June 8th, 1953. The closing 
date will be Thursday, June 18th. 


This exhibition, which is organized by 
our associated journal, British Plastics, 
will cover every aspect of the plastics 
industry. A Convention will be held 
during the period of the Exhibition. 
Technical papers covering a wide 
range of subjects of interest to plastics 
manufacturers and users will be pre- 
sented at every session of the 
Convention. 
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HE electric resistance strain 
gauge has been in use for more 
than ten years, and is such a 
simple piece of apparatus that at first 
sight there would hardly appear to be 
any possibility of its being improved. 
Nevertheless, Saunders-Roe Ltd., of 
East Cowes, Isle of Wight, working in 
conjunction with Technograph Printed 
Circuits Ltd., of London, W.1, have 
recently made marked advances in the 
development of this type of gauge. 
In the conventional strain 
gauges a zig-zag pattern of 
fine resistance wire, the 
diameter of which rarely 
exceeds one thousandth of an 
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FOIL STRAIN GAUGES 


Some Recent Developments in Electric 


is carefully controlled so that the degree 
of undercut is restricted. The final 
process is the cleansing of the product 
to ensure neutralization of all etch 
residues. 

At the end of each loop, where the 
strip turns through 180 deg, the effec- 
tive width of the foil is approximately 
. in, so that the cross section is rela- 
tively large, and therefore has a low 
resistance. This reduces in- 


accuracies which might possibly arise 


Strain Gauges 


applied either externally or by passing 
a current of from about 150 to 350 
milli-amps for the required period of 
time through the gauge element itself. 
The current used depends, of course, 
upon the bulk and thermal conductivity 
of the specimen 

Possibly the most important advan- 
tage of the foil gauge is that the ratio 
of contact surtace area to the volume of 
the resistance element is relatively high, 
whereas in the wire gauge this ratio is 
a minimum, because of the 
circular cross section. As a 
result, the heat dissipation 
characteristics of the new 
gauge, and hence its current 


inch, is mounted between 
strips of paper. This unit is 
cemented to the structure to 
be tested, and considerable 
care often has to be taken 
to waterproof it. The gauge 
extends with the test piece 
when loaded, and not only 
does it increase in length, but 
also the diameter is reduced. 
As a result, the electrical 
resistance of the wire 
increases in proportion to the 
dimensional changes. A suit- 
able apparatus is employed to 
measure the change in resist- 
ance, and it may be calibrated 
so as to indicate the strain. 

A fairly high degree of skill is called 
for in the production of the wire 
gauges. The wire is either wound on, 
and then cemented to, a thin backing 
paper, or wound on to a paper former 
to make a coil which is then flattened 
and the whole assembly is cemented to 
a paper backing. Finally, the ends of 
the wire have to be soldered or spot 
welded to relatively heavy lead-out 
wires or soldering tags, to which the 
leads from the electrical circuit of the 
strain measuring apparatus are joined. 
Then the gauge is reinforced with one 
or more strips of paper to furnish it 
with a reasonable degree of mechanical 
stability. 

A much simpler method of produc- 
tion is employed with the new gauges. 
They are made from metal foil slotted 
alternately from each end so as to form 
a continuous zig-zag or looped strip 
which, apart its rectangular 
section, is of much the same form as 
the normal circular section wire 
arrangement. The pattern is first 
printed on the foil, the ink used being 
acid resistant. Then the unprinted 
portion is etched away. Experimental 
patterns may be produced by a Tech- 
nograph method by which the expense 
of preparing printing blocks is avoided, 
and the resultant patterns do not differ 
in any respect from those made in bulk 
production. In both experimental and 
normal production, the etching process 


Some examples of foil strain gauges. 
double spiral type; centre: linear type; right: rosette gauge 


from end resistance effects. These large 
ends also give rise to more efficient 
transmission of the strain of the speci- 
men to the element. Where the two 
leads of the measuring instrument 
circuit are attached, the width of the 
strip of foil is increased to about j in, 
so that the leads may be soldered 
directly on to it. This arrangement 
eliminates the possibility of failure due 
to fractures which, on wire gauges, 
sometimes occur at the junction 
between the resistance wire and the 
lead-out wires. 

Another advantage of the new 
gauges is that instead of mounting 
them in paper, they are mounted in 
very thin lacquer film, having excellent 
mechanical and electrical properties. 
This gives the foil element robustness 
and flexibility appreciably better than 
those obtained with many wire gauges 
and, since there are no_ intervening 
layers of paper, the transmission of 
strain from the specimen to the gauge 
is effected more positively than with 
wire gauges. Moreover, the foil gauges 
are completely waterproofed, with the 
result that the application for field tests 
is simplified. 

Saunders-Roe Ltd. employ Araldite 
adhesive for mounting the gauge on the 
specimen. This is a_thermo-setting 
plastic cement, which is cured at a 
temperature of about 100 deg C applied 
for 20 minutes. The heat may be 


Top: torque gauge; left: of 


carrying capacity, is many 
times that of the wire element. 
The sensitivity of any resist- 
ance strain gauge is directly 
proportional to the current 
flowing through it. Thus, the 
increased current carrying 
capacity of the foil element 
represents a useful increase 
in sensitivity when the gauges 
are required to operate voltage 
sensitive recorders or indic- 
ators. Furthermore, because 
the power output of a gauge 
is proportional to the square 
the current input, con- 
siderable advantage is to be 
gained by using the foil 
element to operate power sensitive 
apparatus. As much as 36 volts have 
been applied to these elements, but an 
e.m.f. of 12 volts is usually employed 
by Saunders-Roe. 

The method of production of these 
gauges is so flexible that any conceiv- 
able 2-dimensional pattern) may be 
produced with ease. This flexibility has 
led to the development of two variants 
of the common pattern of gauge 
element. The first is the torque gauge. 
In this variant the slots in the strip of 
foil, instead of being arranged so that 
they are open alternately at cach end, 
are etched alternately from each side 
at 45 deg to the major axes of the strip. 
Two strips are mounted side by side 
around the periphery of the test piece, 
with the slots on one set at an angle 
of 90 deg to the slots on the other. This 
arrangement takes the place of the two 
elements, normally employed when a 
conventional wire gauge is used, and it 
balances out any longitudinal stresses 
superimposed on the torque. ‘These 
stresses balance out because the gauges 
form opposite arms of a Wheatstone 
bridge in the measuring instrument. 
Torsional stresses are equal and oppo- 
site in each gauge and therefore their 
effects are added. 

There are three advantages, in addi- 
tion to those already mentioned, to be 
gained by using foil gauges for torsional 
strain measurement. First, alignment 
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of the gauges at 45 deg is a much 
simpler task because they have only to 
be wrapped round the shaft, and no 
marking out is necessary. Secondly, on 
running shafts, where a slip ring pick- 
up has to be employed, the increased 
output of the foil type element is useful. 
The third advantage is that the strains 
in the shaft may be integrated circum- 
ferentially, and not picked up locally as 
is the case with a wire gauge. 

A different application of the foil 
principle is the diaphragm gauge. This 
is designed for use on relatively stiff 
diaphragms with small total deflections, 
since under these conditions the strain 
behaviour is not too complex. In this 
form, the gauge may be used to 
measure pressure, cither static or 
pulsating, as well as strains. A double- 
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spiral pattern is employed, the spiral 
being wound inwardly towards the 
centre and then doubling back on itself 
to the periphery again. ‘This pattern 
integrates the circumferential strain 
over the area of the diaphragm, and 
thus makes the most efficient use of the 
gauge material and the strain response 
of the diaphragm. It also has the other 
advantages already mentioned as 
being characteristic of the foil type 
gauges. 

Another design is being developed 
for very flexible diaphragms. It con- 
sists of two parallel linear patterns in 
the central tensile zone, coupled with 
two radial patterns in the outer com- 
pressive zones. The whole configura- 
tion is to be used as a four-gauge bridge 
of high power sensitivity. For a parti- 
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cular application of the diaphragm 
gauge, Technograph Printed Circuits 
Ltd. have been asked to devise a means 
of making the connections to the 
gauges in a very restricted space. This 
has been done by designing a printed 
and etched conductor pattern of copper 
foil, which is laid over the gauge pattern 
and soldered at the appropriate points. 

Four applications of this type of 
gauge have been described. However, 
there must be many more which could 
be devised to suit special requirements. 
Because of the simplicity of the manu- 
facturing process and the ease with 
which different patterns may be pro- 
duced, there would seem to be little 
doubt that further development of the 
foil type of gauge will be made in the 
near future. 


M.I.R.A. REPORTS 


Recent Releases for General Circulation 


MONG the reports that have been 
issued by the Motor Industry 
Research Association, the follow- 

ing have recently been released for 
general circulation. Report 1950/10, 
An Investigation of the Stresses in 
PSV. Type Wheels, is the first of two 
reports dealing with this subject. It is 
confined to stresses due to static load- 
ing only. Results are given of stress 
measurements obtained with wire 
resistance strain gauges on P.S.V. type 
wheels. Stresses, due to tyre inflation 
and vertical static loading were 
measured, and when combined, these 
may be regarded as equivalent to the 
stresses to which the wheels are sub- 
jected during straight running on a 
smooth surface. The work was carried 
out on three- and four-piece wheels. 
Each type was tested with open valve 
slots incorporated, and again with the 
valve slots bridged. The effects of off- 
set, method of mcunting, and different 
tyre sizes were also studied. The sizes 
of the wheels used were 5.00 « 20, 
6.00 20 and 7.33 20. 

The highest stresses measured 
occurred at) points corresponding — to 
those at which failures have been 
experienced in service, mainly at the 
fillet of the fixed flange of three-piece 
wheels and in the gutter. Stresses due 
to inflation were substanually propor- 
tional to tyre pressure, and load stresses 
were proportional to the applied load 
up to the rated load of the tyre. On 
three-piece wheels, the larger the wheel 
the lower were the stresses, while for 
a range of wheels of a given size, the 
stresses were similar regardless of who 
were the manufacturers. Oversize tyres 
usually gave higher inflation stresses 
than the recommended ones, and at the 
rated loads, they gave load stresses 
approximately proportional to the loads. 

On four-piece wheels the load 
stresses were low. On the other hand, 
both high and low inflation stresses 


were encountered these’ wheels 
depending on the fit between the loose 
flange and the retaining lip. However, 
from the data available, four-piece 
wheels appear to be superior to the 
three-piece ones. In the gutter, the 
variation of stress was similar in both 
the four- and three-piece wheels, and 
was attributed to high spots on the 
mating parts. High compressive stresses 
were measured at the open ends of the 
valve slots, but where closed slots were 
employed, these values were less than 
half those obtained with open ones. On 
the disc, the inflation stresses were 
negligible and the load stresses small. 
However, in cases where the discs were 
not flat, fairly high stresses occurred 
when the wheel was bolted to the hub. 

Report 1951/9, An Investigation of 
the Stresses in P.S.V. Type Wheels, is 
the second on this subject, and it deals 
with the stresses due to dynamic load- 
ing. However, it includes appendices 
giving the results of further static tests 
relevant to the analysis of the dynamic 
tests and of measurements on the loose 
which were not included in the 
original programme. stress 
measurements were also taken on a 
welded-disc wheel. 

A double-deck P.S.V. was used for 
the tests. Space considerations limited 
the range of wheel sizes to 5.00 x 20 and 
6.00» 20, but within this range the 
stresses induced by such manceuvres as 
bumping, cornering and braking were 
found to be relatively independent of 
both tyre and wheel size. Both distribu- 
tion and magnitude of the stresses 
obtained during straight running were 
similar to those observed in the static 
tests, but the rim stresses at 20 m.p.h. 
were slightly higher than the static 
stresses at corresponding wheel loads. 

Cornering stresses appear, under 
these test conditions, to be more 
serious than either bumping or braking. 
When cornering at 0-42g tue radial 


flange, 


acceleration the stress increases, by 
comparison with normal running 
stresses, were 100 per cent on the front 
wheel furthest from the centre of turn, 
and 55 per cent on the rear. On the 
disc, increases of several hundred per 
cent were found and, with 13 tons 
normal load on a 5-375 in offset wheel, 
the maximum stress range was 30 tons/ 
in’ on the inside of the handhole. 
Under 0-S5g deceleration or braking 
conditions, the rim stresses were not 
greater than those to be expected from 
normal load transference, the 
stresses due to torque were negligible. 
On the disc, the maximum stresses were 
about half those obtained when corner- 
ing. Bumps applied only local 
stresses, whereas cornering subjected 
the whole wheel to several complete 
cycles of high stress. The stress 
increases induced by bumps were of the 
order of 100 per cent on the rim and 
160 per cent on the disc. Other effects, 
including those of unequal pressure in 
the tyres of twin wheels, weaving, 
glancing blows due to hitting the kerb, 
and a slow run on the proving ground 
pavé were also studied. 


Laminated Torsion Bars 


N the description of the Lanchester 

Leda chassis published the 
January 1953 issue of this journal, par- 
ticular attention was drawn to_ the 
front’) suspension system which 
laminated torsion bars are incorporated. 
Unfortunately, it was not made clear 
that the development of the laminated 
torsion bar was pioneered by Geo. 
Salter and Co. Ltd., West Bromwich, 
nor that the results quoted in the 
article were obtained through consult- 
ations between that company and the 
designers of the chassis. 
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HE 10,000 miles endurance test 
on a Morris Minor vehicle 
recently carried out on the Good- 

wood race circuit is without parallel in 

the automobile industry. Non-stop 
endurance bench tests of engines are, 
of course, common, but for this test it 
was decided that the vehicle should run 
for 10,000 miles under its own power 
for the whole time. This decision raised 
problems that were wholly novel. 

Hitherto, endurance tests always 

included stops for servicing and changes 

of crews, but through the use of a 

research tender of unique design, the 

Morris test was completely non-stop. 

Essentially the aim was to carry out 

what was in effect a road test under 
much more closely controlled condi- 
tions than had ever before been 
attempted. Inevitably there must be 
some uncontrolled variables in such a 
test, but provision was made for record- 
ing these variables so that at the end 
of the test there would be a possibility 
of correlating the effects of variables on 
performance. 


The research tender 

In effect, the research tender was 
designed to act as both a mobile 
dynamometer and a service station. 
Certain of the servicing was relatively 
simple, but considerable ingenuity was 
necessary to develop means for chang- 
ing wheels, and particularly either of 
the rear wheels, while the vehicle was 
sull proceeding under its own power. 
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ENDURANCE TESTING 


An Important Development by Morris Motors Ltd. 


All these problems were successfully 
overcome. 

A tractor and a cab or control section 
comprised the research tender. The 
tractor was built from a Cowley truck, 
and incorporated a semi-universal 
articulation coupling contrived by 
mounting a road wheel and hub 
assembly to give radial movement about 
the stub axle and vertical articulation 
by the flexing of the tyre. 

The controls section was fabricated 
from standard rolled mild steel sections 
of 3inxI}in channel, 1} in x1} in 
angle iron lin x1 in T-section. These 
materials were arranged to give a mini- 
mum margin of safety of 7:1 when 10 
persons and the jacked load of the front 
end of the test vehicle were being 
carried. ‘The longitudinal members 
which acted as platforms from which 
vehicle servicing was carried out were 
fabricated from rolled sheet, with a 
14s.w.g. top skin, 20 s.w.g. lower skin, 
flanged boxing ribs of 16s.w.g. spaced 
12 in apart, and 14s.w.g. vertical sides. 

There were five separate systems for 
the trailer suspension. They were :— 
(a) The flexible construction of the 

tender assembly. 

(b) The rear suspension of the tractor 
and pivot wheel tyre. 
(c) The rear 

tyres. 

(d) Twin cantilever springs with piston 
dampers at each rear wheel. 
(e) Trailing castor wheels at the inner 


aero-type 


base of the fork, positioned to make 
ground contact during cornering 
under extreme loads. 

Smooth, vibration-free negotiations 
of road obstacles was essential. It was 
obtained by employing the following 
stiffnesses for the five spring systems :— 

1. The construction of the tender 
assembly is such that flexibility of the 
sides of the fork in a vertical bend 
direction is 1000 Ib/in. 

2. The rear suspension of the tractor 
and pivot wheel has a vertical stiffness 
of 2801b/in. The roll flexibility, which 
is mainly a function of the tractor rear 
suspension pivot wheel and fork sides 
flexibilities, is equivalent to 1 deg roll 
deflection for 294 ft/lb roll torque. 

3. The rear aero tyre has 1400 Ib/in 
vertical stiffness. 

4. The vertical stiffness of the twin 
cantilever rear springs is 485 lb/in. 

5. The trailing castor wheels pro- 
vide trailer suspension stops and have 
no appreciable flexibility, that is, they 
may be considered as of infinite 
suffness. 

As the tender was to be used as a 
mobile service station the following 
equipment was installed either in or 
on the tender: — 

1. The hitch for coupling the test 

vehicle to the tender. 

2. A Panhard roof for positioning the 
car rear in the fork. 

3. Hoisting equipment. 

4. Double acting syringe pump with 
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The operator's control room on the tender 


two containers in circuit for oil 
changes. 
Swinging jigs for wheel changes. 
Refuelling cans. 
Stroboscope 
storage batteries. 

. General illumination equipment. 


generator and 


9. Address amplifier between tender 
cab and tractor cab. 

10. Servicing tools and requisites. 

11. V.H.F. radio telephone set. 


The hitch 

When for any reason the test vehicle 
was driven in to the fork of the research 
tender, the two vehicles were coupled 
together by meas; of the hitch, the front 
bumper of the test vehicle having a 
pegging plate for hitching to the tender. 
The hitch yoke is arranged to give con- 
siderable vertical freedom to the eye 
engagement of the car. This latitude 
is necessary to cater for two extreme 
conditions, (a) when the test vehicle is 
driven in with a flat front tyre, and (b) 
when the vehicle is hoisted to allow a 
front tyre to be changed. 

The hitch drawbar proper is instru- 
mented to record clearly both the mag- 
nitude and direction of the ferce 
imposed on it. An annular rack rotates 
a gear-driven solenoid and a calibrated 
reading of the force in lb is given on 
a gauge in the cab of the tender. A 
roller on a cam chamfer trips a micro- 
switch series to indicate the direction 
of the force. A red light indicates that 
the tender is towing the test vehicle, 
an amber light indicates coasting with 
no force either way, and a green light 
signifies that the car is exerting a thrust 
against the tender. This light set is so 
positioned that it can be seen by the 
driver of the test vehicle so that he can 
carry out the necessary throttle mani- 
pulation to cause the green light to 
show. The drawbar is mounted 
between equi-rated springs that serve 
two functions : — 


(a) The cushioning of the engagement 
force. 

(b) The force displacement calibration 
for both the gauge and_ light 
indicators. 


The Panhard rod 


The Panhard rod for positioning the 
car in the rear of the fork is a constant 
length hook pivoted off the near side 
of the fork bridge tie. It is engaged in 
a hole in a bracket carried on the rear 
bumper of the test car. This bracket is 
perforated in several places so that the 
car can be centralized in the fork or 
offset within the fork, depending upon 
the nature of the work that is to be 
carried out. 


Hoisting equipment 


In determining the methods to be 
employed for tyre changes, considera- 
tion was given to both jacking and 
hoisting, the latter being chosen 
because it would give greater accuracy 
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for measuring the thrust force through 
the hitch. The hoisting equipment 
consists of a chain block suspended 
from the cross-over beams of the tender 
structure at the required location to 
allow the corner of the test vehicle to 
be lifted. 
Double acting syringe pump 

There are two containers in circuit 
with the syringe pump, one for clean 
oil and one for used oil. For neat 
stowage the tins are rectangular in 
section. They are capable of receiving 
or discharging four gallons. A sighting 
window is cut in the face of each tin 
to indicate levels, and = since the 
suction pipe of the pump draws oil 
from the sump at the correct level, the 
change in sighted level between used 
and fresh oil is a direct measure of oil 
consumed. The pump is 1} in diameter 
~12in stroke. It draws oil at , pints 
per stroke and discharges at the same 
rate. 
Swinging jibs 

Swinging jibs are fixed into pivot 
sockets on the trailer side tubes 
adjacent to the centre lines of front 
and rear axles. Each job is cranked to 
swing almost to the road wheel side. 
For removing a road wheel for a tyre 
change, a tension spring with a hook 
on its lower end is attached to the 
appropriate jib. This spring is suf- 
ficiently strong to recoil with the weight 
of the road wheel, thus preventing the 
wheel from making contact with the 
ground after it was unbolted. 


Refuelling cans 

The design of the refuelling cans was 
developed from a five gallon pro- 
prietary can, which was chosen because 
of its neat stowage shape. The can 
was modified to include an air vent 
pipe, which was plugged when not in 
use. This pipe was laid from the 
atmosphere to the highest point of the 
tank tilted to supply angle. A screw 
was fitted on the feed nozzle and 
lifting handles were fitted at the 
appropriate places. The cans were 
stowed on the fork sides adjacent to 
the rear of the test car. They delivered 


Test car entering the tender for a crew change 
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at the rate of five gallons in 30 seconds. 


The test vehicle 
test vehicle was a_ standard 
Minor saloon with B.M.C. 
valve engine, that was 


The 
Morris 
overhead 
standard in every respect except for 
adaptations that were necessary for the 


purpose of the test. These adaptations 
in no way affect the validity of the test 
results as applied to a standard produc- 
tion vehicle. The adaptations were:— 


Power unit, cooling jacket and radiator 
system 


An 85 deg C thermostat was fitted to 
compensate for the non-use of full 
power output on the test circuit. Bulb 
thermometers were fitted to record 
jacket inlet and outlet temperatures, 
and adaptors were fitted to the radiator 
top and bottom tanks. A draw blind 
was fitted forward of the radiator film 
block. To minimize fan suction effect, 
the blind was being lowered with the 
vehicle at speed, vertical wires were 
fitted between the block and the blind. 
This was to facilitate temperature 
control at approximately two-thirds 
output at 3,500 r.p.m. 

A float level indicator was fitted 
within the engine sump to record oil 
level. This unit gave quantity readings 
on a gauge fitted on the test instrument 
panel. Temperature recordings of 
crankcase gearbox were 
effected by means of bulb thermometer 
adaptors fitted into the components. 
The power unit was run-in on a test 
bed for 20 hours at full load at 3,500 
r.p.m. 


Final drive assembly 

As a precautionary measure and to 
ensure freedom from any danger of 
seizure when rear wheels were being 
changed, the final drive assembly was 
motored through the differential for 
one hour at approximately 10 m.p.h. 
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Refuelling The test car exerts a positive thrust of at least 10 1b on the tender 


To facilitate oil temperature measure- 
ment, a bulb adaptor was fitted to the 
axle. Special arrangements had to be 
made to allow rear wheel changes to be 
made while the vehicle was travelling 
under its own power. First, it was 
necessary to incorporate means for 
locking the wheel that was to be 
changed. This was effected by fitting 
a large knurled adjusting nut on each 
rear hand brake cable so that there was 
independent locking for each wheel. 
In addition, each half of the rear axle 
had a wire rope cable attached to it. 
This cable passed through the body 
floor into the boot where it passed into 
a split metal tube. This arrangement 
locked the rear suspension and _ pre- 
vented the axle rebounding away from 
the body on to the springs when the 


ib, 


Servicing the test vehicle at night 


body was raised for wheel changing. 


Front suspension 

Blocks were supplied for insertion 
between the front shock absorber and 
the bottom side of the wing valance 
aperture. These were also adopted to 
interrupt suspension rebound when a 
front corner of the car was being 
hoisted for a wheel change. 
Road wheels, assembled 

All wheel discs were perforated and 
grommeted to provide timing revolu- 
tion pick up for stroboscopically exam- 
ining tyres for tread wear. All the tyres 
were prepared and assembled on to the 
road wheels in good static and dynamic 
balance by the Dunlop Rubber Co. 
Ltd. The tyre tread form was normal 


: 
. 
i 


export standard, that is 9mm _ tread, 

6 ply. Certain tyre modifications were 

carried out as a result of preliminary 

tests. These were: — 

(a) Harder rubber to give high corner- 
ing power. 

(b) White marker strip insert immedi- 
ately next to the ply to give final 
warning that wheel change was 
necessary. 

(c) A rubber lining inside the case next 
to the tube to give protection 
against puncturing. 

(d) The tubes were puncture 
proofed by internal sealing. 


Electrical system 

The radio telephone equipment im- 
posed an additional three amp load on 
the electrical system. It was extremely 
likely that this additional drain on the 
battery would occur continually during 
night fog conditions, when all lights 
and windscreen wipers would also be 
in service, together with panel and 
auxiliary panel illumination. Therefore, 
a standby battery was installed behind 
the rear seat squab with a cross-over 
switch above the parcel tray. An 
auxiliary coil was also fitted. This, 
together with the service coil, was 
positioned above the parcel tray, with 
a cross-over low tension switch. In 
case of emergency the intention was to 
switch the high tension lead as quickly 
as possible. An auxiliary fog lamp was 
fitted on the off-side of the bumper to 
direct the light beam to the right, since 
the test was to be run on a closed left- 
hand circuit. 


Removing a rear wheel. 


The other rear wheel is exerting a 


AUTOMOBILE 
ENGINEER 


Fuel system 


A 12 gallon tank was installed in the 
standard position. The tank section 
was current standard, and the upper 
half was extended to protrude in to the 
spare wheel compartment. This was 
possible because a spare wheel was not 
carried. Two fuel pumps were fitted. 


Driving compartment 

To facilitate change-over between 
driver and observer, two standard 
Minor bucket seats were modified to 
have pivoting squabs which contacted 
the rear seat cushion. A support strap, 
clipped to a ring on the left-hand “ B” 
post, was supplied to give the observer 
body support on continual left-hand 
bends. 


Lubrication system 

To facilitate oil changes, inlet and 
outlet pipes were laid to the sump, 
gearbox and final drive. The pipes for 
the sump and gearbox ended at the 
off-side front valance beneath the 
bonnet for coupling to feed and drain 
hoses from the tender installation. The 
inlet and outlet pipes from the final 
drive were taken to an_ installation 
behind the rear seat squab, comprising 
a double acting syringe pump with a 
fresh and used oil container in circuit. 
This pump was accessible from inside 
the car. 
Sources of general thermal interest 

Thermo-couples were installed at 
several locations. They all had leads 
taken to a junction box fitted beneath 


; 


positive thrust on the tender 
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the fascia adjacent to the “A” post. A 
press button switch gave contact with 
a Cambridge temperature — recorder 
within the glove box, but arranged to 
slide out into vision line. The thermo- 
couple locations were : — 

Battery electrolyte. 

Off-side front shock absorber. 

Both rear shock absorbers. 

Fuel float bowl. 

Under-bonnet atmosphere. 

Fuel pump. 

Car interior, at roof centre on the 
floor at passengers’ feet. 

The dynamo. (This thermo-couple 
was not an original fitting, but in 
the early stages of the test showed 
desirability for knowing the gener- 
ator temperature variations with 
charge rate fluctuations.) 


Radio telephone equipment 

V.H.F. communication equipment 
was fitied in the test vehicle. The 
power pack was installed beneath the 
observer’s seat with the telephone ear- 
piece set at his left-hand side on the 
car floor between the seat and the sill. 
The aerial cable was laid up the near 
side centre post to a small aerial mast 
in the centre of the roof. 


The test circuit 

Obviously a test of this character 
could not be carried out on the road, 
and after consideration of the possible 
venues the Goodwood circuit was 
chosen. Even though this is a closed 
track it is not circular, nor is it abso- 
lutely flat. It therefore simulates road 
conditions reasonably well. It was 


The rear wheel removed from the car but still suspended from 


the swing jib 


58 
ar | Pap 


FEBRUARY, 1953 


decided to carry out the test 
in the anti-clockwise direc- 
tion. The circuit therefore 
comprised a 90 deg left-hand 
bend (Woodcote), a 150 deg 
left-hand bend (Lavant), fol- 
lowed by a rising 80 deg right- 
hand bend, the remainder of 
the circuit being a progres- 
sive bend amounting to 
200 deg. The actual road 
length used by the car when 
cutting the corners was 2-353 
miles per lap as recorded by 
instruments on the car, but 
for calculations the B.R.M.C. 
figure of 2-38 miles was used. 

It was realized that the test 
would be extremely severe on 
tyres, and a series of preli- 
minary tests were carried out 
to establish safety margins. 
To begin with, the rough 
“Resmat” surface of Good- 
wood is much more abrasive 
than the average road surface. 
Secondly, to maintain a mean 
speed of 45 m.p.h. the centri- 
petal acceleration at the bends 
varied from 0-25 to 0-4 g, and 
this in turn was reacted by a 
vehicle-to-course coefficient 
that varied between 0-6 and 
0-57. 

From measurement of the 
petrol consumed at 45 m.p.h. 
on a straight course and com- 
paring this with the con- 
sumption during test runs on 
the circuit, it was found that 
the effort required to overcome centri- 
fugal forces as reacted by the road 
wheels and tyres was equivalent to 
using more fuel at the’ rate of x — 7-62 
miles per gallon where x-—the con- 
sumption on a straight course. As the 
drag horse power at 45 m.p.h. is known 
to be approximately 13h.p., a figure 
of 1:7h.p. can be equated from the 
increase in consumption. This there- 
fore is the h.p. required to negotiate 
the course itself. 

It is interesting to note that the 
extra power required merely for nego- 
tating the circuit would, over the 
10,000 miles of the test, be equal to 
the energy needed for climbing 
approximately 66 miles. In other 
words, the difference between 10,000 
miles of normal roads and 10,000 miles 
of the Goodwood circuit is that the 
latter requires 807,800,000 ft-lb more 
energy and is equivalent to 15 per cent 
more miles. 

Some interesting figures on tyre wear 
were obtained from the preliminary 
tests. For example, when the circuit 
was covered at the maximum speed 
within the capacity of the vehicle, that 
is, 59 m.p.h. mean lap speed, the wear 
rate on the front tyres was measured 
at 37-7 miles per 1 mm of tread depth, 
as compared with 250 miles per 1 mm 
of tread depth at a mean speed of 
45 m.p.h. A test, run at full lock with 
a 15 ft radius and at the adhesion limit 
of 7-8m.p.h. increased the tyre wear 
enormously to only four miles per milli- 
metre of tread depth. 
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The instrument panel in the test vehicle. The press button junction 
box for bringing the thermo-couples into circuit is at the left 


On normal A and B class roads, and 
at a mean speed of 45 m.p.h., the wear 
rate is in the order of 1500 miles per 
millimetre of tread depth at the off-side 
control wheel. These figures clearly 
show the severe conditions for the 
tyres on an enclosed small perimeter 
track. The additional horse-power 
required for changing direction is 
absorbed by removing rubber at six 
times the rate experienced in normal 
road operation. 

The preliminary test runs proved 
beyond any doubt that if vehicle 
stability and operational safety were to 
be maintained throughout the test, 
several tyres would be necessary. It 
was therefore necessary to make provi- 
sion for examining the tyres while the 
vehicle was running. ‘Two methods 
were adopted. During the hours of 
darkness tread depths on the tyres were 
estimated to a reasonable degree by 
using a stroboscopic lamp adjusted to 
wheel rotation frequency. 

Another method of judging tyre wear 
during daylight was to drive the vehicle 
past the control so that the tyre could 
be washed with a sponge. If the marker 
strip incorporated in the tyre had been 
reached, it was easily discernible. This 
method was used at the same time as 
the rear axle oil change since this also 
required a slow speed. Incidentally, 
the rate of tyre wear was remarkably 
consistent on all the tyres used. 

In running the 10,000 miles at an 
average mean speed of 45 miles per 
hour, it was hoped to obtain 45 miles 


per gallon of fuel, 6,000 
miles per gallon of lubricat- 
ing oil, to use not more than 
three sets of tyres and to 
complete the 10,000 miles 
with the original sparking 
plugs. The final results 
showed very close approxi- 
mations to these figures. 

The test covered 10,000-76 
miles in 221-089 running 
hours to give a mean speed 
of 45-32m.p.h. Consump- 
tions for the test were :— 

Fuel, 232-59 gallons, 

43 m.p.g. 

Engine oil, 9-2 pints, 

8600 m.p.g. 

Radiator water, 11-75 pints, 

6800 m.p.g. 

Tyres 10 

Remarkably little trouble 
was experienced with the 
equipment although it was 
found necessary to change 
one petrol pump and a 
voltage regulator. 

Although the project was 
referred to as an endurance 
test, it was hoped to obtain 
useful information on_ the 
effect of atmospheric condi- 
tions on temperatures, Good 
fortune attended the project 
in this respect, since during 
the period there were wide 
variations in the air ambient 
temperature and in humidity. 
The maxima and minima for 
atmospheric conditions were:- 
Air ambient 


temperature 18 deg C 2:5 deg C 
Barometer 30:3 in Hg 29°15 in Hg 
Humidity 100 per cent 44 per cent 


At the moment it is not possible to 
discuss the information obtained from 
the test, but reference may be made 
to one or two interesting points. For 
example, it was clearly shown that the 
test vehicle ran for more than 4,000 
miles before running-in was completed. 
This was evidenced by a gradual 
reduction in fuel consumption until 
finally the consumption was virtually 
constant for the remainder of the test. 
Before the test started, acceleration and 
maximum speed tests were carried 
out, and at the conclusion of the test 
they were repeated at Goodwood and 
Cowley. There was no_ significant 
difference in the results of all three 
tests. 

In every respect, the test was remark- 
ably successful. That the vehicle would 
complete a non-stop run of 10,000 
miles with only minor failures of 
ancillary equipment is gratifying but 
not surprising. Probably the most 
valuable results of the test lie in the 
accurate information that has been 
obtained about temperatures under 
widely varying atmospheric conditions. 
It is, we believe, the first time that 
this problem has been studied system- 
atically and scientifically. The experi- 
ence gained with a research tender that 
acts as a mobile dynamometer is also 
of major importance, since it has 
created possibilities for other studies. 
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DYNAMIC LOADS 


Some Factors Applicable to Design 


By T. K. Garrett, A.M.I.Mech.E., A.F.R.Ae.S. 


produce a prototype, test it, and then strengthen it 

where necessary. This procedure can only be satis- 
factory if the test conditions correspond closely with those 
obtained in normal everyday use, and at the same time 
include the worst conditions for which the vehicle is to be 
designed. So far as strength is concerned, two separate 
factors influence design. They are: fatigue due to repeated 
loads, the magnitude of which may vary from light to 
moderately heavy, and the possibility of failure due to 
exceptionally heavy loads, such as may occur when un- 
expectedly encountering a large obstacle in the road. The 
problem is further complicated by the fact that conditions 
vary widely as between one country and another. 

It follows, therefore, that the only sure way to test a 
prototype so as to prove that the design is one hundred 
per cent structurally sound, is to take it to those countries 
in which conditions are most severe. This would involve 
very extensive tests in countries where extremes are to be 
found of temperature, as well as of road surface, gradient, 
and traffic conditions. Such tests as a regular procedure are 
obviously out of the question, although in the past they have 
been resorted to in a few isolated cases. 


Simplified tests 

The problem is one of devising a satisfactory substitute 
for these comprehensive tests. The method usually employed 
is to accelerate failure by driving the vehicle for some 
hundreds of miles over extremely rough artificial surfaces or 
by mounting the wheels on rotating drums fitted with bump 
obstacles on the circumferences to apply loads at a compara- 
tively high frequency. However, in all these tests there is a 
large element of uncertainty as to how they can be correlated 
with road conditions. Furthermore, it is always difficult to 
decide just how rough the test track should be, at what speed 
the car should be driven, and how many miles it should be 
expected to cover without showing signs of structural failure. 

It is surprising that more comprehensive investigations 
have not been made to determine the magnitude of the loads 
for which a vehicle should be designed. This is probably 
an easier task than is generally realized. Although fatigue 
due to frequently repeated light loads must be taken into 
consideration, the evidence provided by practical experience 
seems to indicate that if a vehicle is designed to withstand 
the most severe loads to which it may on comparatively rare 
occasions be subjected, it will be more than strong enough 
from the point of view of fatigue. This is only true, of course, 
provided severe stress concentrations are avoided. 

If the maximum loads to which the vehicle will be subjected 
are known, it is possible to design so that each component 
of its mechanism and structure is only just strong enough. 
This leads to economy in material. It also results in a 
considerable saving of time 
and money at the develop- 
ment stage because fewer 
modifications are needed to 
strengthen weak points, and 
a much simpler and quicker 
test procedure be 
adopted. The simplification 
of the test procedure is 
possible «ince only the critical 
loads are applied ; the struc- 
ture that is strong enough 
to withstand these being 
more than adequate to cope 
with any complex combina- 
tions of lighter loads. 


[ the past it has been customary to design a vehicle, 


Fig. 1. Axial convention 


In applying these principles to design and testing it is 
necessary first to determine exactly what these loads are. 
Of recent years too much emphasis has been placed on the 
determination of stresses in vehicle structures, without 
reference to the loads producing them. These stresses are, 
of course, only applicable to the particular vehicle being 
tested, and a single minor modification, such as the incor- 
poration of a small weld at the base of a pillar, can completely 
alter the stress distribution throughout the whole of the 
structure. Experimental work, with strain gauges, to 
determine stresses in vehicle structures is, however, of value 
in an indirect way. From electric resistance gauge recordings 
of strains in components, first the stresses due to the static 
weight of the vehicle with its load are calculated. Next, 
the stresses under dynamic load conditions on the road are 
found in the same way. The ratio of these two stresses can 
then be used in the following manner as a multiplication 
factor for design purposes. 

When initiating a new design, an estimate is first made of 
the weight, centre of gravity position, and wheel reactions 
of the vehicle with its load. A method of doing this was 
described in “‘Weight Control”, in the October 1951 issue 
of the Automobile Engineer. From the wheel reactions, 
the static stresses can be calculated. Then, by using the 
multiplication factor, the magnitude of the dynamic stresses 
may be determined. 

This determination is based on Newton’s second and third 
laws of motion in which it is stated that acceleration is 
proportional to the applied force producing it, and that to 
every action there is an equal and opposite reaction. These 
laws demonstrate with mathematical precision exactly what 
loads are applied to a vehicle. If this is not apparently borne 
out in practice, the fault lies in the failure of the investigator 
to take all relevant factors into consideration. 

It is most convenient to express dynamic loads in terms 
of acceleration since : 


F Wa the applied force 
8 weight of the component 
a ~ acceleration of the component 


g ~ acceleration due to gravity. 
Furthermore, if the acceleration is expressed in terms of g 
the applied force can be expressed in terms of the weight of 
the component. Thus, if the petrol tank in a car is moved 
upwards with an acceleration of 48 fs, which is equivalent 
to 14 g acceleration, it follows from the formula that 


Ww 
F-— x1 
g 
F-14W 


Hence, the load on its mounting bolts or brackets is 14 times 
the weight of the tank and its contents. 


where F 


Vertical, lateral, and fore- 
and-aft loads 

Some work has already 
been carried out to determine 
the magnitude of the dynamic 
loads experienced in auto- 
mobile structures. In a paper 
entitled Stress Engineering as 
Applied to Automobile Bodies, 
(S.A.E. Quarterly Transac- 
tions, July 1948) Johnson 
and Heyl state that the 
greatest vertical acceleration 
they have obtained in tests 
is 3g. They also state that 
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the maximum 
torque applied to 
a vehicle occurs 
when it is sup- 
ported on_ three 


wheels in a static. 


condition. Al- 
though experience 
suggests that the 
vertical accelera- 
tion of 3g is cor- 
rect, many would 
not agree with 
their statement 
concerning the 
maximum torque. 
One wheel can 
quickly rise to the 
full bump position and impose heavy dynamic loads on 
the structure before the whole vehicle has had time to rise 
sufficiently for the static three wheel support condition to be 
reached. It is probable, therefore, that the maximum torsion 
that will be applied to the structure is very nearly equal to 
that applied by an acceleration of 3g on one wheel. This 
load will be reacted by the inertia of the sprung mass. 

Experimental work, on commercial vehicles with strain 
gauges, in this country, has suggested that rebound loads 
are at least as great as, if not greater than, bump loads, 
although it is felt that more research is needed on this subject. 
The reason for such high rebound loads is rather obscure, 
but presumably they could be caused by the sudden arresting 
of the unsprung masses on their rebound stops, particularly 
in vehicles not fitted with independent suspension. Untl 
more information is available it is deemed advisable to 
consider the vertical acceleration of 3g to be reversible, 
particularly for the design of suspension components, and 
their adjacent supporting structure. 

Fore-and-aft loads are caused by braking and accelerating. 


Fig. 2. Diagram of the vertical and-fore-and 
aft loads due to a bump 


Crash loads can be ignored, since the less serious ones are 
taken by local denting of body panels, and no one, except 
perhaps a designer of armoured fighting vehicles, designs 
a structure to take shocks of the magnitude of those associated 


with a crash. The design of bumper attachments is 
at present a matter of guesswork, although it need 
not remain so if some research were to be done on 
the subject. Road tests show that the maximum braking 
retardation obtainable in passenger cars is approximately 1 g. 
It is somewhat uncertain as to what acceleration can 
be imparted to a 

car by suddenly 

letting the 

clutch, but it is 

thought advis- 

able to consider 

the braking load 

as being rever- 

sible, particu- 

larly in view of 

the fact that 

brakes can be 

suddenly applied 

when reversing. 

The magnitude 

of the reverse 

load again 

depends on the 

type of brakes 

used as, in 

reverse, some are 

more _ effective 

than others. It 

should be re- 

membered _ that 

extreme retarda- 

tion due to brak- 

ing not 

necessarily imply 

\ braking from 


Fig. 3. Cornering force diagram for a vehicle high speed. 


Finally, there are centrifugal loads due to cornering. In 
view of the fact that the wheels are on the point of locking 
at 1 g retardation during braking, it would seem reasonable 
to assume that the same loads will be applied in a lateral 
direction when the wheels are on the point of skidding while 
cornering. This does not necessarily follow however, since 
the cornering power of a tyre is not necessarily the same as 
its braking power. On the other hand experience does suggest 
that this figure of | g is, in general, reasonably near the truth. 
It is dependent among other things on the height of the 
centre of gravity of the vehicle since a vehicle with a high 
centre of gravity can overturn before it reaches the point of 
skidding. Here again, it is a simple matter to use an accelero- 
meter to determine just what lateral accelerations are obtained. 

In connection with loads due to cornering, braking and 
acceleration, it should be remembered that they are each 
dependent on the limiting friction between the tyres and the 
road. It follows, therefore, that they cannot all be applied 
simultaneously at their maximum values. If a car is on the 
point of skidding at a corner, and either the brakes or the 
engine power is applied, then skidding will take place, and 
as a result the loads at the wheels are likely to be reduced 
since the sliding friction coefficient is less than the 
static one. 

From the foregoing infor- 
mation a set of loads for which 
the vehicle must be designed 
can be specified. Whilst the 
greatest magnitude of each of 
these loads can be determined 
accurately by experiment, it is 
not possible to be so sure of 
the homogeneity of engineering 
materials, or the consistency 
of surface finish, and many 
other variable factors affecting 
the strength of mechanical and 
structural parts. In addition, 
some margin of safety is needed so that the structure shall 
be, without any doubt, strong enough to cope with the worst 
loads that it may encounter. Accordingly, a factor of safety 
of 1-5 should be used. 

The loads are then : 

1. Vertical acceleration 4:5 g. 
(hitting a bump) 
2. Fore-and-aft acceleration 1:5 g. 
(braking and accelerating) 
3. Sideways acceleration g. 
(cornering L.H. or R.H.) 

Doubt might be expressed concerning the validity of some 
of the acceleration factors quoted. They can, however, be 
checked by applying the appropriate loads to calculate the 
stresses in components of existing motor cars that have 
been proved by satisfactory service to be strong enough. 
Such a check will show that they each give resultant stresses 
conforming with current design practice as far as strength 
is concerned. In fact, there is at least one model in produc- 
tion that has been successfully designed, on the basis of 
calculations on these lines, by a large manufacturer in this 
country. 


15yR 


Fig. 4. Cornering force diagram 
for a wheel 


Braking and steering loads 

Two further local loads must be considered. In the 
first place, there are the loads in steering mechanisms. 
These can only be obtained by experiment. It is possible, 
by strain gauges fitted to the steering rods, to determine the 
stresses and hence the loads in the rods under different 
conditions. These loads fall into two categories, those that 
are self-balanced through the track rod, and those that are 
balanced by the reaction of the steering box. 

Very few results of tests to determine these loads have 
been published, but an indication of their magnitude can 
be given by the following. A car having a total front end 
reaction of 1,1501b at the wheels was found to have amaximum 
out-of-balance load of 1,0301b when hitting a kerb, in which 
condition the effective lever arm, about the swivel pin, of the 
load in the steering rod was about 4} in. This gave a maxi- 
mum torque about the pin of 4,640 lb-in. 

A further interesting factor was brought to ligh in these 
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tests. Under certain conditions, when steering a straight 
course on pavé,an unbalanced load of 8001b was experienced, 
which, with an effective lever arm of 5} in, gave a torque 
of 4,400 Ib-in about the swivel pin. The surprisingly large 
magnitude of this load was probably due to a resonance 
in the steering system, giving rise to a vibratory motion 
of the wheels or of part of the system. This, being a 
condition likely to cause fatigue failures, should be investi- 
gated further. 

Before the information concerning steering loads can be 
of general application, the effect should be determined of 
wheel size, offset of swivel pin from the centre of wheel 
contact area on the ground, swivel pin angle, camber and 
castor angle, and wheel vertical reactions. Then it is highly 
probable that a set of design curves can be drawn up, taking 
these variables into consideration. A load figure to be of 
universal application should be expressed as_ horizontal 
force — wheel reaction, acting in the plane of the wheel and 
above the contact centre of the tyre with the ground. Loads 
in the steering mechanism could then be determined by 
calculation from its geometry. It may be found that the 
loads can be satisfactorily expressed for general application 
as a torque about the swivel pin, as has been done in the 
example already quoted. 

The second of the local loads that must be considered is 
brake torque. Here again, experimental work is needed to 
determine the effect of brake hop, and to evolve a method 
of calculating the magnitude of the brake torque. One 
method that might be employed is to use a friction co- 
efficient of unity—a value suggested by a braking retardation 
of 1 g—and multiply the wheel reaction by the rolling radius. 
In this case, the wheel reaction would be the sum of the 
static and weight transfer reactions. 


Detailed load analysis 

Before the loads already described can be correlated to 
give the most severe conditions for which the car must be 
designed, it is necessary to consider in detail what happens 
when a car hits a bump, and when it is steered on a circular 
course. The axial convention adopted is shown in Fig 1. 
When the wheel hits a bump with the brakes off, the resultant 
load can only act through the wheel axis, and if the factored 
vertical reaction is 4:‘5R, where R is the static wheel reaction, 


. 45R 
then the total load is Gos 0 along a line through the wheel 


axis and the centre of contact of the wheel with the bump, 
where @ is the angle between this line and the vertical. From 


this it can be seen that the horizontal component is 

=——, X Sin 0 an @ 

Cos Sin tan 


To determine the angle @ it is necessary first to decide for 
what bump to design. Assume this is a curb the height of 
which is H inches. Then, it must be remembered that the 
wheel will ride up over the curb and the maximum load 
will only be applied when the bump stop is struck. If the 
motion to full bump has been very rapid so that the body 
has only risen a negligible distance, the effective height of 
the curb is [H—(D—S)], where D © total deflection to full 
bump and S_ static deflection, both dimensions being 
inches, Fig 2. A reasonable value for H would appear to be 
6 in; this figure, of course, includes an allowance for tyre 
deflection. 

Next to be examined in detail are the loads due to cornering. 
From Fig 3 it will be seen that the wheel reactions A» B 
must balance the centrifugal force C, acting through the 
centre of gravity. When the car is on the point of over- 
turning there will, of course, be no reaction on the two wheels 
nearest the centre of turn. But even if the car is not on the 
point of overturning, the loads on these wheels will be much 
lighter than those on the outer ones. 

The load due to cornering, on a wheel free to rotate, can 
only be perpendicular to the plane of the wheel, and is 
applied at the ground, Fig 4. Let R, be the static reaction 
at the front wheels, and R,, the static reaction at the back 
wheels, then resolving the side load at the front into two 
components and applying the factor of 1°5, gives 1:5 X 
wR, sin ¢, along the x axis, and 1:5 ~R, cos ¢ along the 
z axis. It is the rearward component that will give rise to 
a certain amount of “roll-on”. 


in ft sec? units. 


R, and R», must be determined from the following con- 
siderations : centrifugal force F acting at the C.G. of the 


2 
vehicle 1-5 Ye where v is the velocity of the vehicle 


in ft sec, W is the weight in lb, r is the radius in ft, and g is 
This force can only be balanced by the 
vectorial sum of the horizontal reactions at the wheels, 
which is » (Ry + R,). Hence the largest possible value of 
the centrifugal force is ».W. 

Resolving the centrifugal force perpendicular and parallel 
to the x axis of the car, Fig 3, we have respectively ».W sin 
and »W cos . Then the unfactored reactions may be found 
from : 


cos d+ Ry) pW sin (1) 

and wR, sin ¢ uW cos (2) 

whence from (2) : R, W — ¥ (3) 
sin ¢ 


from (1) and (2): 
R, cos ¢sin 6+ sind -W sin sin 
R, cos ¢ sin ¢ W cos 4 cos ¢ 


Subtract : R,, sin ¢ -W(sin sin d—cos cos 4) 
R W(sin sin ¢—cos cos ¢) 
sin ¢ 
—Weos (+ ¢) 
sin ¢ (4) 


The angles ¢ and ) may, of course, be obtained from the 
layout of the vehicle, so that R, and R;, may be determined 
respectively from (3) and (4). Since 180 deg > 4:4 > 
90 deg, the negative sign in the expression for R,, disappears. 


The design cases _ 

Having analyzed the loads into their individual components, 
and evaluated each, it is then necessary to synthesize them 
again in all their possible combinations. Each combination 
of loads will be called the design case. There may be several 
design cases: for instance, it is likely that the design case 
for the front suspension will be one that includes loads due 
to braking. On the other hand, the rear suspension is more 
likely to be designed by a case in which the car is accelerating. 
The following symbols will be used in addition to those 
already employed in connection with cornering loads. 

Let W laden weight of the vehicle 
y height of the centre of gravity of the laden vehicle 

above the road. (A method of determining 

y is given in an article entitled ‘Weight 

Control” in the October 1951 issue of the 

Automobile Engineer.) 
the wheelbase 
the track 
the laden static reaction of the wheel under 

consideration 
effective angle of inclination of the line of action 

of the bump load from the vertical 


Case 1. Hitting a bump while braking. This will be a 
design case for the front end of the vehicle. It might occur 
when the driver, seeing an unexpected obstacle or pothole 
in the road, applies his brakes hard and hits it. 


(a) Vertical load due to bump 


Ib wheel 
(b) Rearward load due to bump 
th wheel 
cos 4 


(c) Roll-on load due to bump 
cos 6°*2B 


(d) Roll-on load due to braking 


We 
1 lb wheel 
(e) Rearward load due to braking 
1-‘5R 15x Ib wheel 
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Vertical Component 


Wy 


15 


sin @ 


Rearward 


1-5 tan 0+ 1). 


Lateral Component — 0 


To these loads must be added the 
local effect, on the suspension com- 
ponents, of brake torque. 

Case 2. Cornering. This case will 
probably give the worst side load 
conditions on the front end of the 
vehicle. It is impossible to apply an 
additional braking force when the 
wheels are already on the point of 
sliding in cornering. Moreover, if the 
front wheels were to hit a bump when 
set at an angle for a turn, there would 
be an outwardly directed component 
that would subtract from the inwardly 
directed centripetal force. 

The coefficient of friction » between 
the tyres and the road is taken to be 
unity. It is true that greater side loads 
than those derived from tyre adhesion 
could be obtained when hitting a curb 
during a high speed turn, but there is a limit to the maximum 
loads for which a vehicle can be designed. Even so, it is 
suggested that further research should be carried out on this 
aspect of vehicle dynamic loads. 

Rearward component (which causes roll-on) 

15 uw cos 
weight + roll-on 


15 uR cos ¢ 


2B{ 


Total vertical component 
Lateral component 


It will be noticed that because of the roll-on, the grip at 
the rear wheels will be reduced, and this will cause the rear 
end to slide before the full centrifugal load catered for by 
the assumption that »-—TI is attained. This will be most 
noticeable during turns of a small radius. However, in 
view of the arbitrary nature of the assumption, it is hardly 
worth while to complicate matters by allowing for this 
tendency until more research has been done. 

Case 3. Hitting a bump whilst accelerating. This will be 
a design case for the rear end of the car. 


(a) Vertical load due to bump R455 
sin 


RX4-5x— 


(c) Roll-on — 


(d) 55 45 acceleration 


(e) Forward ,, »» thrust at road 


Wy 
1-5. 


tan 6) 


Vertical component R 


1-5 3R(I— 


sin 


RX45X 


4:5 R tan 
Lateral component — 0 


Rearward component 


ton 6) + 


Wy 
IR (3 A+1) + 
{ (3tan | 


tan 6,- 0:75 W 
Case 3 


Ww los 
5 At W tang 


W Cos 4 


Case 1 


(AA Wcos ¥+3Rtan 


W 


4-5 Rtan 
Case 4 


Fig. 5. Load summary for four design cases 

The effect of engine torque in the transverse plane may 
also be included although, in most cases, this is relatively 
small and may be neglected. Brake torque might introduce 
critical loads for some structural members. It may, therefore, 
be necessary to consider the case of hitting a bump whilst 
braking. This is done simply by reversing the signs of the 
loads due to acceleration. The result will probably be an 
increased rearward component and a decreased vertical one. 

Case 4. Hitting a bump whilst cornering. This will also 
be a design case for the rear end. The bump loads act along 
a line parallel to the longitudinal axis of the car. They do 
not, therefore, have any effect on the side loads as at the 
front end where, in a turn, the wheels are not parallel to 
the longitudinal axis. 


(a) Vertical load due to bump R455 


sin 4 


sin 
—Rx4 3B 


(b) Rearward load due to bump 


(c) Roll-on load due to bump 


(d) Roll-on load due to centripetal 


force 15x 2R» 


sin 


(e) Side load due to contripetal 
force 


(f) Roll-on load due to rearward 
component at the front 


wheels —1°5 uW cos 


2B 
Then, synthesizing these load components, we have : 
Vertical component 


15)R(3 or) cos 3R tan 


Rearward component 
4:5 R tan 6 
Lateral component 


cos (p+ 
1-5 pw — 
sin ¢ 
Again, engine torque can be taken into account if necessary. 
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These four cases are probably all that are needed to check 
the structure for strength. However, further experimental 
work may well show that modifications are needed to the 
formulae. For instance, it is possible that the roll-on due to 
the rearward component of the bump load is not very severe 
owing to its being reacted initially by the inertia of the sprung 
mass. 

The object of this article has been to demonstrate how 
a system of design loads based not on haphazard guesswork, 
but on experimental results can be calculated to enable 
design for strength to be developed into a systematic process 
giving precise results. The loads given are obtained from 
data at present available, and it is hoped that in the future 
more research will be carried out to improve upon the 
formulae given, and to evaluate more exactly the applied 
loads. However, the formulae given here have been applied 
to design a modern car, and have given very good results, 
reducing weight and economizing in materials. 

Strength calculations are not as laborious as at first sight 
they may appear. A little thought will indicate which design 
cases to apply, and two cases only are usually all that need to 
be considered for any one component. Having developed 
the necessary formulae in the manner indicated, it is only 
necessary to substitute values for the symbols ; and a diagram, 
such as Fig 5, can be used to show the magnitude of the loads 
applied at the wheels. It is then necessary to trace the path 


of the loads through the suspension components and the 
structure. The principal advantage of these methods is 
that they ensure that a load applied through the upper 
wishbone, for instance, is adequately catered for, not only 
in the adjacent structure, but also in more remote parts 
such as the dash and front pillars. Details of how this work 
can be done will be given in an article to be published later. 

The final stage is testing the prototype which, since the 
loads to be applied are known, is a comparatively simple 
matter. It may be carried out by distributing sand bags in 
such a manner and quantity over the vehicle as to give the 
effect of the vertical loading. Then the side and fore-and-aft 
loads may be applied with their lines of action passing through 
the centre of gravity of the vehicle. This can be done by 
attaching the loading cables to a timber framework fitted 
across the door pillars. Although this will result in an unduly 
high concentration of load at the pillars, it will be a fairly 
reliable test of the structure around the suspension attachment 
points. Brake torque can be superimposed by means of a 
loaded arm bolted to the wheels. For this purpose, the 
wheels must be resting on rollers. Fatigue tests should also 
be carried out by running the wheels, at the front and rear 
end in turn, on rotating drums fitted with suitable lobes or 
bumps. A great deal of research is needed to correlate 
fatigue test rig results with those obtained in service. This 
could lead to appreciable time saving in testing. 


DIES FOR STEEL PRESSINGS 


PLASTICS 


LASTICS dies have recently been 

used by the Chrysler Corporation 
for a factory run of several hundred 
steel panels for Dodge trucks. A stack 
of the finished panels is shown in the 
illustration on the left. Although 
similar dies have been employed in the 
aircraft industry, it is claimed that this 
is the first ume plastics have been used 
for pressing large steel panels for 
motor vehicles. 

There are several economic advan- 
tages afforded by this method. Con- 
ventional dies of steel weigh about 
6,000 Ib, whereas a plastics substitute 
weighs less than 1,5001b, takes 
only three weeks to make. This short 


Panels produced from plastics dies 


manufacturing time was _ possible 
mainly because no machining opera- 
tions are needed with plastics. The 
economies in both time and labour 
costs for die preparation are con- 
siderable. 

First, a plaster mould of the panel 
was made. Cold thermosetting phen- 
olics plastics was then poured into 
this to form one half of the two-piece 
die. Hardening was effected by a 
chemical action, which generated heat 
within the plastics. Infra red rays were 
used in the curing process, which took 
only 24 hours. 

A wax ccating, the thickness of the 
steel panel, was then applied to the 


mould so that it could be used for 
casting the second half of the die. This 
half was hardened and cured in the 
same way as the first. In order to pro- 
tect the plastics from fracture or 
deformation by the high impacts 
imposed during the operation of the 
100 ton press, each part of the die was 
set in a box made of boiler plate. The 
halves of the die are shown open in the 
illustration on the right. In the fore- 
ground is the plastics punch. Behind it 
is the bottom stationary half of the die, 
and above it is the top half, being 
lowered to the floor. This develop- 
ment merits serious consideration, par- 
ticularly for relatively short-run work. 


The component parts of the plastics dies 
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An Important Foundry Development 


HE shell moulding 
] process is one of the 
most important and 
valuable developments that 
have taken place for many 
years in foundry practice. 
Johannes Croning of Ham- 
burg introduced the process 
which was originally known 
as the “Croning” or “C” 
process. In this country 
three important patents in 
connection with shell mould- 
ing were filed early in 1947 
by Polygram Casting Com- 
pany Limited, Power Road, 
Gunnersbury, London. This 
company had the full benefit 
of Herr Croning’s exclusive 
advice, but they eventually 
developed a distinctive tech- 
nique known as the Poly- 
gram process, which is now 
more usually designated 
“shell moulding.” Typical 
castings are shown in Fig. 1. 
It is from the shell-like 
nature of the moulds and 
cores that the designation 
derives. The shell is actually 
built up round the basis of 
a normal metal pattern, see 
Fig. 2, or core box. Any of 
the metals in general use for 
pattern plates and core boxes can be 
used for shell moulding plates and 
boxes. Cast iron, steel and copper- 
based materials will give plates and 
boxes that have lives of almost 
indefinite duration. Aluminium, on 
the other hand, although it is light to 
handle, has certain disadvantages as a 
material for plates and boxes. It is 
readily etched by the ammonia given 
off during curing so that the surface 
is eventually spoiled. 
Secondly, it is soft and easily 
abraded by sand or marked 
by hard tools. It also has 
a high coefficient of thermal 
expansion and has a ten- 
dency to warp and distort in 
normal service. 


Hand Moulding 


Both hand and machine 
moulding can be employed 
for the Polygram process. 
For the simpler form, that is 
hand moulding, only little 
equipment is needed in 
addition to the necessary 
pattern plates and_ core 
boxes. As a preliminary to 
the production of a mould, 
the pattern plate is first 
pre-heated to approximately 
160 degC. The plate is 
then coated by brushing or 
spraying with a_ suitable 
stripping agent to prevent 
the mould from adhering to 


Fig. 1. Typical shell castings 


the plate. Following this the pattern 
plate is placed with its face downwards 
over the mouth of a dump box. This 
dump box is essentially a deep bin 
containing a layer of sand mixed, 
among other things, with phenolic 
resins. It is trunnion mounted so that 
it can be inverted to “ dump ” the sand 
mixture over the face of the pattern 
plate. The operation sequence is shown 
in Figs. 3, 4, 5, 6, 7 and 8. 


Fig. 2. Pattern plates from which shell moulds are made 


heated 


Because of the 
condition of pattern 
plate, the resin content of the 
sand melts and an even layer 
of sand is built up over the 
surface of the plate. After 
about 20 seconds the shell 
will be built up to about 
‘in thickness.. The dump 
box can then be turned back 
to its original position to 
allow the surplus — sand 
mixture to fall back un- 
changed to its original posi- 
tion in the bottom of the 
box. 

The plate with its half 
mould is then released from 
the dump box and _ trans- 
ferred to the curing oven. 
At oven temperature between 
350 and 450 deg C, the cur- 
ing time will generally be in 
the order of 90 to 120 
seconds. This period is long 
enough to allow the moulder 
to deal with a second plate 
while the first plate is in the 
oven. Output rates are very 
high. For example, with a 
10 in 12 in mould, the time 
of 90 seconds for a_ half 
mould is enough to allow a 
fatigue allowance, since it 
gives the operator a short break in 
each cycle. An _ additional personal 
allowance of 10 per cent is sufficient 
to establish the standard time. In 
other words, a single operator can turn 
out 36 half moulds or 18 complete 
moulds per hour. 


Mechanized shell moulding 

For the automobile industry, and 
for other industries concerned with 
large quantity production, 
recent developments in 
mechanized shell moulding 
equipment, which have been 
made by Polygram Casting 
Company Limited are of 
great interest. This mechan- 
ization only greatly 
reduces the’ man-hours 
needed for a given output, 
but also standardizes many 
of the variables to give a 
consistent product of even 
higher quality than is pos- 
sible by hand moulding. 

All the operations em- 
ployed in the Polygram 
hand process can be mech- 
enized by means of specially 
designed machines such as 
the Polygram automatic 
shell moulding machine 
Mark IV, which is illustrated 
in Figs. 9, 10, 11, 12 and 13. 
This machine has a manual 
roll-over of the counter- 
balanced investment _ bin. 
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Polygram shell moulding—operation cycle for manual process 


agent to the pattern plate Fig. 4. Inserting the plate in the mouth of the investment bin 


Fig. 6. Pattern plate with the mould ready for curing 


Fig. 7. Ejecting the cured half shell Fig. 8. Half shell ready for assembly 


Fig. 3. Applying stripper 
| i / 
Fig. 5. Investing the pattern with the sand-resin mixture eo 
4 
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Other designs are available with 
different bin sizes to suit different 
pattern plates and a Mark V fully 
automatic roll-over. 

This mechanization removes the 
actual control of the basic elements 
from the operator. Instead they are 
controlled by the instrumentation of 
the machine. For example, the oven 
temperature is kept accurately constant 
by means of a thermostat, while the 
cycle time is controlled within limits 
of plus or minus 20 per cent by means 
of a variable speed handwheel at the 
base of the machine. In the automatic 
roll-over machine, the time of invest- 
ment is, however, still adjustable by the 
operator, since this gives a certain 
flexibility that allows four widely 
differing pattern plates to be used at 
the same time. 

The machine has four stations, at 
each of which the mould is worked 
upon. This means that the Polygram 
automatic shell moulding machine 
Mark IV has an output equal to that 
of four ordinary operators. The 
average time for a complete cycle is 
120 seconds. During this period no 
less than four half moulds are produced, 
so that the hourly output is 60 complete 
moulds. 

This output has been obtained by 
reducing the indexing time to one- 
quarter of the total time, which gives 
the optimum effective production time 
for a given cycle. The arrangement is 
also such that the pattern plate and 
“biscuit” spends no less than three- 
quarters of the cycle time in the oven. 
As a consequence adequate curing 
time is assured without having to 
employ excessive oven temperature. 
For an output of one mould per 
minute, the time in the oven is 
1} minutes, which is approximately the 
same as for the hand process. 


A feature of the machine that 
has reduced’ the cycle time 
and improved the 
quality of the 


biscuit, is the 
provision of auto- 
matic ejection. All 
the operator has 
to do is to lift the 


complete _ biscuit 
from its raised 
position the 


ejector pins. The 
pattern plate is 
then sprayed with 
stripper, following 
which it is in- 
vested with the 
sand-resin mix- 
ture ready for 
another cycle. 
After investment, 
the operator 
swings the plate 
back into the 
indexing frame, 
which carries it 
into the oven. 
Normally, the 
cycle time is long 
enough to allow 
a deft operator to 
pause for a few 


AUTOMOBILE 
ENGINEER 


seconds between plates. This in great 
measure eliminates fatigue, and allows 
an output very close to the nominal 
one mould per minute to be main- 
tained throughout the whole working 
day. To obtain maximum output, the 
oven may be started by a time switch 
shortly before work commences. It is 
then only a matter of dropping the 
required pattern plates into their 
carriers and running the machine for 
about ten complete cycles to get it 
ready for operation. Pattern plates can 
be changed without slowing the 
machine, and if they have been pre- 
heated, the changed plates can be put 
into operation with the loss of only 
one half mould for each plate. 

The dimensions of the Mark IV 
machine are 6ft 6in overall diameter 
by 4ft 3in to the crown of the oven 
dome. All main supplies be 
brought up under the base of the 
machine, so that there is free floor 
space all round. This makes sweeping 
and maintenance very easy since there 
are no pipes to harbour dirt. Another 
factor that makes for a degree of clean- 
liness not usually associated with a 
foundry is the complete freedom from 
any deposition of the  sand-resin 
mixture on to the floor when the bin 
is inverted. 

In the design of this machine, 
particular attention has been given to 
accessibility. The specially designed 
gearbox and the robust and accurate 
indexing mechanism are designed and 
constructed to withstand the most 
arduous foundry conditions. The 
ejection system was developed after 
many experiments. ‘These features are 
such that the only attention the 
machine should need is a short periodic 
maintenance check each week and a 
slightly more comprehensive check at 
longer intervals. Should a pattern plate 
be defective, it can be dismounted in a 
matter of seconds and replaced by a 


Fig. 9. The Polygram Mark IV shell moulding machine 


good one without in any way affecting 
the operation of the machine. 

Gas consumption has been kept low 
by using carefully designed burners, by 
lagging the oven, and by the filtering 
of a gas governor. For the first 20 
minutes of operation, while the oven 
is being brought up to curing tem- 
perature, gas consumption will be in 
the order of 200 cubic feet. Subse- 
quently it will be less than 150 cubic 
feet per hour for the remainder of the 
working day. The action of the 
governor is such that the temperature 
of the oven is rapidly returned to the 
desired point when the indexing 
mechanism brings in the cold materials. 

A 1 hp. screen-protected squirrel 
cage motor drives the machine. It is 
protected from overload by a safety 
clutch on the main shaft drive. Should 
any mechanical defect occur, this clutch 
will slip, and when the obstruction is 
removed the machine will again func- 
tion correctly. A further safety device 
is incorporated whereby the motor is 
automatically cut out if the pattern 
plate is not returned to its carrier 
before the indexing motion starts. 

Shell moulding, even by the hand 
process, offers many advantages over 
conventional methods for many appli- 
cations. Mechanized shell moulding 
offers even more advantages. It is 
claimed that the machine will normally 
pay for itself within a year. It will also 
ensure the production of consistent 
moulds, which in turn give consistent 
castings. Moreover, the machine will 
set the pace for the rest of the foundry 
operations so that the problems of 
production and budgetary control are 
greatly simplified. Furthermore, the 
machine can be operated by unskilled 
labour and the actual work is clean and 
not too arduous. This will make 


recruitment of labour for the foundry 
industry, at present a serious problem, 
both simpler and cheaper than it has 


been in the past. 

It would appear 
that these devel- 
opments in mech- 
anization bring 
the Polygram shell 
moulding process 
into a more than 
competitive posi- 
tion in relation to 
conventional sand 
moulding for 
many automobile 
components. It is 
claimed, for 
example, that the 
Mark IV machine 
will give at least 
twice as many 
moulds per hour 
as a sand mould- 
ing machine. 
Moreover, the 
capital cost of the 
machine is, if any- 
thing, less than 
that of conven- 
tional equipment. 
Its use also elim- 
inates all the an- 
cillary equipment 
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normally required, such as sand con- 
ditioning plant, moulding boxes, large 
sand handling plant and extensive pour- 
ing and knock-out areas. Shell castings 
virtually knock themselves out since 
the molten metal ignites the resin 
binder in the sand during pouring, and 
the castings merely need to be lifted 
out of the remains of the mould. The 
casting is free from fine and adherent 
sand and requires but little fettling. 
For many automobile components 


AUTOMOBILE 
ENGINEER 


-dimensional accuracy of the casting is 


of primary importance, and in this 
respect shell moulding is remarkably 
good. For example, limits as close as 
plus or minus 0-002/0-003 in can be 
maintained. In addition, the castings 
have uniform hardness and are free 
from hard spots, factors of great 
importance for economic machining. 
It is also possible to cast thin sections, 
such as the fins on air-cooled cylinder 
blocks, without chilling. 


Further details of the process can 
be obtained from Polygram Casting 
Co., Ltd., Power Road, Gunnersbury, 
London, W.4. For those who wish to 
produce shell castings for incorporation 
in their own products, the use of Poly- 
gram patents and complete technical 
information concerning all aspects of 
the process, including mechanization, 
can be obtained by the payment of a 
small royalty. Others can obtain details 
of suitable Polygram licensees. 
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Lighting in Industry 


London: BrITISH ELECTRICAL DEVELOP- 
MENT ASSOCIATION, 2, Savoy Hill, 
London, W.C.2. 1953. 54 » 83. 154 pp. 
Price 8s. 6d. 

Factory lighting can have a very con- 
siderable effect on productivity, but it 
does not always receive the attention that 
it merits. Some of the questions that 
must be answered are:—In what degree 
does lighting affect individual output?— 
What ir the difference between good and 
bad lighting?—How can existing lighting 
be improved and yet be economical in 
operation?—On what data should lighting 
systems be planned? ‘This book provides 
the answers to these and many other 
questions relating to lighting in industry. 
In addition, it provides the necessary 
data for lighting design. 

There is a valuable section which gives 
a detailed account of the method of con- 
ducting a lighting survey. This will allow 
managements to survey their own factories 
to determine whether the lighting is effec- 
tive and used efficiently to ensure “enough 
light in the right places at all times.” 


Automobile Body Reconditioning 
By Theo. A. Wohlfeil, Enk E. Frisk 

and A. B. Saxman. 

New York: McGraw-HILL Book Com- 
PANY, INC. Available from the McGraw- 
Hill Publishing Company Ltd., 95, 
Farringdon Street, London,  E.C.4. 
1952. 7 «10. 157 pp. Price 31s. Od. 
The business of automobile body 

repair and refinishing has come into its 
own in recent years when new cars have 
been difficult or impossible to obtain. 
These times may not occur again for a 
generation but, nevertheless, there must 
always be those engaged in this work. To 
execute this work correctly is a craft 
which requires the trained services also of 
sheet metal workers, upholsterers, cellu- 
losers, mechanics and welders. Anyone 
may be able to knock a damaged motor 
car body back into roughly its original 
shape but to restore a body, or chassis, 
to its original alignment and degree of 
finish requires a deal of experience. 

This is an American book, but the 
principles of working are similar to 
British. Probably the types of tools illus- 
trated and described as being those 
required for the work may not _ be 
exactly similar in this country, but the 
same results have to be secured. A 
chapter is devoted to welding equipment 
and how to use it, although we think 
that the repairer would need to know this 
part of the work before commencing 


sepair work. He would, probably, have 
advanced beyond the stage suggested in 
this book before he commenced to read 
this work. Nevertheless, the special 
applications of welding to body repairs 
are valuable information. Body panel 
aligning and straightening are covered 
independently and there is a chapter on 
the use of hydraulic body jacks. A book 
could, of course, be written on painting 
equipment’ and techniques, but much 
valuable information is provided in the 
notes included under this heading. The 
final chapter covers damage estimating. 
Much of the velue in this book lies 
in the very many half-tone illustrations of 
damaged parts and repairs to damaged 
parts. The book is full of pictures that 
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express the methods of doing this work 
much more positively than any amount of 
text. The book’s appeal will probably 
be to a limited number of readers, and 
mainly to motor car body repairers, but 
to these it certainly offers value for money. 


Teach Yourself Mechanical 
Draughtsmanship 


By SM. Hood, M.1.1.S., Aff.1.W.M 
London: ENGLISH UNIVERSITIES PRESS 

Lrp., St. Paul’s House, Warwick 

Square, E.C.4. 1952. 4} «7. 183 pp. 

Price 6s. Od. 

Most technical books published to-day 
for as little as six shillings contain little 
important or educational material, unless 
they are prepared for school children and, 
consequently, can be produced and sold 
in large numbers. ‘This one, however, 
gives the basic principles of mechanical 
draughtsmanship and will be distinctly 
valuable to the junior draughtsman. It will 
also be understood by the workman in 
the shop who is sufficiently interested in 
his job to secure a copy. The author 
states that this book will enable the junior 
draughtsman to produce drawings that 
the man in the shop can follow, and this 
is quite true, but it is thought that the 
readership might well extend into the 
shops in certain cases. 

The book is divided into eleven lessons 
commencing with the equipment that the 
junior draughtsman must possess or have 
access to. Use of this equipment is por- 
trayed in the lesson on geometrical 
application and construction. Thereafter, 
the book deals with the real training of 
the draughtsman, commencing with a 
lesson on projection and continuing with 
pictorial drawing, which includes iso- 
metric projection of solids, oblique 
drawing and oblique projection. Twenty 
pages are devoted to sections, including 
pyramids, hollow cylinders and cone faces 
at all angles. 

The correct drawing of screw threads 
is valuable to all draughtsmen and 
included here are most of the standard 
threads. A similarly valuable chapter is 
that dealing with nuts, bolts, washers, 
screws, studs and foundation bolts. Many 
locking devices are illustrated and 
described. As expected in a book on this 
subject, there is a lesson on Limits and 
‘Tolerances. 

Each chapter concludes with a set of 
exercises in drawing and a good selection 
of data tables is included at the end of 
the book. In short, the book can be 
recommended to junior draughtsmen in 
any industry. 
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THE MANUMATIC CONTROL 


Automatic Synchronizing of the Throttle and Clutch Controls 
with the Gear Shift Operation 


HE Lockheed Hydraulic Brake 

: Co. Ltd., of Leamington, have 

recently introduced a semi-auto- 
matic transmission system, known as 
the Manumatic control. This is yet 
another stage in the search for an 
automatic or semi-automatic transmis- 
sion which is less costly and more 
efficient than the hydro-dynamic drives 
currently so popular in the United 
States. The simplification of driving 
technique is an aim worthy of careful 
study, for it offers many positive 
advantages. While anyone, whether 
aged or youthful, brilliant or dim- 
witted, can learn to drive a motor car, 
a considerable amount of mental alert- 
ness and skill are occasionally needed 
to avoid an accident. Moreover, it is 
not only to reduce the amount of skill 
required that an automatic system of 
control is desirable, but also to reduce 
driver fatigue on long journeys and in 
congested traffic. 

So far as gear changing is concerned, 
skill is required because of the need 
to co-ordinate the movements of the 
clutch pedal, the throttle control, the 
hand control for the gear shift opera- 
tion, and sometimes the foot brake. It 
is a relatively simple matter to provide 
an automatic mechanism to co-ordinate 
the gear shift and clutch operations. 
However, with such a system it is still 
necessary to operate the throttle and 
gear shift lever simultaneously. In the 
early stages of the development and 
design of the Manumatic system, it 


wes considered that the only satisfac- 
tory arrangement would be one in 
which control could be effected by the 
movement of only one lever. Accord- 
ingly, a mechanism has been evolved 
which, when the gear shift lever is 
moved, automatically operates the 
clutch and throttle in the appropriate 
sequence. 

At the commencement of both 
upward and downward changes, the 
throttle is closed by a_ mechanical 
linkage connected to a clutch-operating 
servo. After the change has_ been 
effected, this linkage also co-ordinates 
throttle opening operation with the 
clutch re-engagement. Clutch dis- 
engagement and the throttle opening 
operation for downward changes, are 
both effected by vacuum servos, con- 
trolled by two solenoid-actuated valves 
housed in one unit. Take-up’ from rest 
is effected by centrifugal clutch-oper- 
ating mechanism. 

So far as mechanical components are 
concerned, the units already mentioned 
are the principal features that comprise 
the Manumatic system. In addition, 
there are the vacuum reservoir, and 
the pipe connections through — the 
solenoid valve to the induction mani- 
fold and servos. The vacuum reservoir 
is needed to retain in the system a 
pressure low enough to operate the 
servos under all engine running con- 
ditions. Correct sequencing of opera- 
tions is governed by a series of electrical 
controls serving the solenoid valve. 


In most respects the clutch is not 
very different from the conventional 
single dry plate unit with a sprung 
centre. The principal additions are a 
steel thrust plate carrying three bob 
weights for centrifugal operation, and 
a synchronizer switch. These com- 
ponents are positioned between the 
presser plate and the clutch cover, 
which is bolted to the flywheel. 


The clutch and synchronizer switch 

The principal component of the 
synchronizer switch is an eccentric 
nylon disc carried round the hub of 
the centre plate of the clutch. It is 
frictionally loaded against a shoulder 
on the hub by a crimped spring 
washer between two plain washers on 
the back end of the hub. The rearmost 
washer is peened in position while the 
front one, bearing on the nylon, has a 
tab turned back to engage in a slot in 
the rear one to prevent relative rota- 
tion. A brass ring is housed in a 
groove around the periphery of the 
disc, and bridges a cut-out in the 
nylon. Two platinum contacts mounted 
on the cover project into the cut-out. 
Therefore, when the clutch centre 
plate rotates faster than the driving 
members, ‘it turns the eccentric nylon 
disc relative to them until the brass 
ring contacts the platinum points. The 
electric circuit thus completed ener- 
gizes the solenoid controlling the 
throttle servo. This opens the throttle, 
and the engine speed increases until 


The nylon eccentric of the synchronizer switch is carried on the hub of the driven member 
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In the Manumatic clutch, a thrust plate is interposed between the presser plate and the clutch cover. 


the clutch unit rotates at a_ speed 
slightly faster than the centre plate. 
Then the eccentric nylon disc and 
brass ring rotate backwards relative to 
the clutch casing, the contact is broken 
and the solenoid valve releases the 
throttle servo. 

Centrifugal loading had to be con- 
sidered when designing the mountings 
for the platinum contacts. Each of 
these contacts is carried on the end of 
a brass strip about 14 in long. Both 
strips are clamped between two blocks 
of insulating material, from which they 
project approximately { in into the cut- 
out in the nylon disc. While their 
outer faces bear directly on the 
insulating block above them, their 
inner faces, for a length of jin, are 
about . in clear of the lower block. 
This means that they are flexible so 
far as the inwardly directed contact 
forces are concerned, but since they 
overhang only } in from the top block, 
they have adequate stiffness to resist 
centrifugal force. 

The insulating blocks are carried on 
a small sheet steel bracket riveted to 
the clutch cover. One of the contacts 
is connected to earth on the cover, and 
the other to an insulated slip ring. 
Bearing against this ring is a spring- 
loaded carbon brush assembly on a 
small bracket bolted to the extension 
on the gearbox front cover. 

Mechanical operation of the clutch 
is based on the conventional arrange- 
ment of a friction-faced, driven plate 
between the flywheel and a_ presser 
plate. Projections cast on the peri- 
phery of the presser plate locate it 
radially in the clutch cover and engage 
in slots to supply the drive. The cover 
is bolted and dowelled to the flywheel 
in the normal manner. 
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the thrust and cushion spring assembly 


When the clutch unit is only rotating 
slowly, the presser and thrust plates are 
held mutually in contact by three light 
coil spring and tie rod assemblies 
which are installed coaxially in three 
of the six main thrust springs. These 
thrust springs are interposed between 
the clutch cover and spring seating- 
washers spigoted into holes in the 
thrust plate. Each tie rod is passed 
through a clearance hole in the spring 
seating-washer, and its front end is 
screwed into the presser plate. Its rear 
end is threaded to carry a special nut 
which projects through a clearance hole 
in the clutch cover. This nut is 
provided so that adjustment can be 
made to the compression in the light 
spring, which is clamped between it 
and the seating-washer on the thrust 
plate. The compression in this spring 
governs the take-up speed of the 
clutch. When the adjustment has been 
made it is locked by a split pin. 

As the engine specd is increased, the 
bob weights pivot under centrifugal 
force, and bear on the presser struts 
to move the presser plate forward, 
relative to the thrust plate, until it 
makes contact with the centre plate of 
the clutch. After all clearance is taken 
up and the cushion springs are com- 
pressed, further outward movement of 
the bob weights forces the thrust plate 
to the rear against the action of the 
main thrust springs. The reaction of 
these springs is, of course, taken 
through the weights and presser struts 
to hold the clutch firmly in engagement. 
Finally, the weights come up against 
the thrust plate and no more movement 
is possible. 

The thrust plate may also be moved 
to the rear by a mechanism similar to 
that normally employed for clutch 


The scrap view shows 


disengagement. When operated in this 
way, it is moved to the rear a distance 
great enough for the presser plate to 
be withdrawn clear of the centre plate 
regardless of whether or not the bob 
weights are fully extended against the 
stops. To effect the withdrawal, a 
thrust bearing in a carrier, round a 
sleeve extension bolted to the gearbox 
front cover, is moved forward by the 
operating fork until it bears against the 
hardened pads on the inner ends of 
three clutch withdrawal levers. ‘These 
levers are pivoted on pins carried in 
dowel-located lugs which are spigoted 
and bolted to the clutch cover. Each 
is grooved at its outer end to seat in a 
slot in the rear end of a tie-plate. The 
front end of the tie-plate is T-shaped. 
On assembly it is passed from the rear 
through a radial slot in the thrust plate, 
and then turned through 90 deg so that 
the arms of the T rest in grooves on 
each side of the slot. A hairpin spring 
round the pivot pin of the lever ensures 
that the tie-plate is at all times loaded 
in tension, otherwise it would fall off 
the end of the lever. 


The clutch servo 

Two main considerations governed 
the design of the clutch servo, so far 
as its functioning was concerned One 
was that the withdrawal action must 
be rapid to avoid dragging and wear, 
as well as to give speedy operation, and 
the other was that a two-stage return 
action is desirable. In the first return 
stage the action must be rapid, again 
to give a speedy operation, but in the 
second or final stage, a slower action 
is needed to avoid jerky engagement. 

A flexible diaphragm type of servo 
has been adopted in preference to a 
piston and cylinder arrangement which 
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ARRANGEMENT OF THE MANUMATIC CONTROL SYSTEM 
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would have called for close manufac- 
turing tolerances. The body of the 
unit consists of two cupped steel 
pressings secured together, to form a 
closed cylinder, by ;% in diameter bolts 
passed through flanges around their 
rims. Clamped between these flanges 
is the diaphragm, which is also cup- 
shaped to permit the operating rod a 
total axial movement of about 
2, in. The inside diameter of 
the cylinder is 41% in. 

In the centre of the 
diaphragm is a hole, so that 
it, together with two 31in 
diameter discs, may be passed 


over the threaded end of the 


operating rod. ‘The discs are Gu. 
mounted one each side of 

the diaphragm, and the whole 
assembly is pulled against a 
shoulder on the rod by a nut 

on the end. In addition to 
their function of sealing the 
centre of the diaphragm, 
these discs also form the stop, 

and limit the movement of 

the rod by bearing on a rectangular 
section, rubber ring at each extreme 
limit of its travel. 

One of these rings is riveted to a 
circular reinforcing plate round the 
hole, in the end of the cylinder, through 
which the rod is passed. ‘This plate is 
also drilled and tapped to carry the 
studs by means of which the unit is 
attached to its support bracket. The 
other rubber ring is riveted to an 
adjustable stop plate at the closed front 
end of the cylinder. ‘The stop plate 
is peened on to the end of a threaded 
rod, which has a screwdriver slot in 
the other end. This rod is screwed into 
a nut welded to the centre of the end 
wall of the cylinder; when adjustment 
has been made it is secured by a lock- 
nut. Thus, this adjustment determines 
the disengaged position and the total 
length of travel. Ad,ustment in the 
engaged position may be made at the 
threaded rear end of the operating rod. 
This end is passed through a clearance 
hole in a transverse pin in the end of 
the twin operating lever. It is secured 
by two locknuts seating on saddle 
pieces, one each side of the pin. The 
twin lever is fabricated from two } in 
thick strips appropriately shaped, and 
spaced apart by distance pieces so that 
the rod can pass between them. Rivets 
are employed to hold the assembly 
together. 

A valve giving the two-stage return 
action is incorporated in the operating 
rod. The {in diameter solid portion 
of the rod is screwed into one arm of a 
T-piece. The leg of the T is drilled 
to form an adaptor on which is fitted 
the end of the flexible hose connecting 
it with the solenoid valve, and the other 
arm is drilled out to communicate with 
the adaptor. This arm is also internally 
threaded, and is screwed on to the rear 
end of the !in diameter stem of the 
valve and secured by a locknut. The 
front end of the stem extends into the 
valve chamber in the body, and is 
machined down to | in to carry the 
valve head. An axial hole is drilled 
from the rear through most of the 
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length of the stem. Near the front end, 
this hole is joined by radial holes 
connecting it with the valve chamber 
in the body. Thus, manitold depression 
may be communicated through the 
T-piece and stem to the chamber. 
During assembly, betore the T-piece 
is screwed on, a tubular guide ts slid 
on to the stem together with a coil 
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The clutch servo has a two-stage return action 


spring which is retained between the 
front end of the guide and a collar 
round the forward portion of the valve 
stem. The guide is next screwed into 
the rear of the body of the valve until 
the collar on the stem comes against 
another collar in the body. Further 
tightening compresses the spring, and 
when a predetermined setting has been 
reached, a ring nut round the guide 1s 
tughtened against the valve body to lock 
the assembly. 

The valve head is circular in shape, 
and carries a rubber seating washer on 
a shouldered groove around its peri- 
phery. It is free to slide on the 
extension of the stem on which it is 
carried, except insofar as it is held in 
the forward position by a compression 
spring between it and the shoulder 
where the extension joins the main 
part of the stem. A split pin through 
the extension prevents the head from 
coming off. When seated against the 
port in the screwed-on which 
forms the end wall of the chamber, the 
valve is pushed to the rear a_shert 
distance along the stem extension, 
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The throttle servo has a spring-return action 


against the action of the spring, so that 
it is just clear of the split pin and may 
be further withdrawn, to open the port, 
by induction pressure. “The screwed- 
on cap on the front of the body 
incorporates a tubular threaded exten- 
sion which carries the diaphragm of 
the servo, and through which 1s com- 
municated the depression to operate 
the unit 

The functioning of the servo. is 
simple. When intake depression 1s 
communicated by the solenoid valve 
through the hollow valve stem of the 


servo into the chamber in the body, 
the valve head 1s lifted off its seat. 
Thus, the depression is passed into 
the servo clyinder and moves the 
diaphragm forward, thereby putting 
the rod and valve unit in tension. The 
first part of the movement compresses 
the spring between the guide and the 
valve stem. Next the rod, pulling 
against the action of — the 
clutch springs, disengages the 
clutch, 

To re-engage the clutch, 
the solenoid valve allows 
atmospheric pressure to 
replace induction pressure in 

a the system. The first stage 
the return motion of the 
diaphragm is rapid, since it is 

effected by the relatively 
powerful clutch springs oper 

ating through control 

linkage. However, before 
re-engagement complete, 

the valve of the servo seats 

on its port in the end cover 

of the valve chamber. Then, 
atmospheric pressure can return to the 
cylinder only through two small aper- 
tures, one is the very small clearance 
between the valve head and the valve 
stem extension, and the second is a 
metering hole drilled through the valve 
head. ‘Thus the final stage of the clutch 
engagement ts cflected without snatch. 


The control linkage 

The arrangement of the system of 
levers and ties 1s complex. As has 
already been stated the piston rod of 
the clutch servo is carried between the 
outer ends of the nearly vertical, twin 
lever which is 3} inlong. A plain lever, 
about’ long, but extending 
forward, is attached to the outer face of 
the twin lever to give a bell crank 
effect. Pinned to the front end of the 
plain lever is the lower end of a tie 
rod operating the throttle. ‘The upper 
end of this red is passed through an 
eye in the throttl operating lever 
adjacent to the carburettor. 
retained by a split pin through the end 
of the rod above the eye. “‘Vhus, when 
the clutch servo is actuated, the throttle 
operating lever is pulled down to close 
the throttle. ‘Then, when the servo is 
returned to the clutch engaged position, 
the rod slides up through the eye with- 
out opening the throttle, and the throttle 
control is returned to the driver. 

Between the two plates of the twin 
lever, and on the same pivot pin, is an 
indeperdent lever, about 1! in. long, 
connected by a tie link to the actuating 
lever on the clutch cross shaft. The 
independent lever extends slightly 
forward of the twin lever; a pawl ts 
interposed between the two. ‘Thus, 
when the twin lever is pulled forward 
by the clutch servo, it carries with it 
the independent lever and the clutch 
actuating lever Likewise, all three 
levers are pulled back together by the 
clutch return springs. 

The pawl is centrally pivoted on the 
twin lever. It is actuated by a tic, the 
lower end of which is pinred to another 
lever. This second lever is also centrally 
pivoted and its other end 1s attached to 


I 


= 
aa } 
Al 
1} 
: 


a Bowden cable control. When the 
pawl is in its normal engaged position, 
the pin connecting the lower end of the 
tic to the pawl operating lever is 
co-axial with the common pivot for the 
main system of levers. ‘Ihis geometric 
layout 1s essential in order that there 1s 
no pawl action incidental to the move- 
ment of the main levers. However, 
when the Bowden cable 

control is pulled, the tue rod 
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Both ends of the piston rod are 
threaded. A hexagon collar is formed 
adjacent to the inner end so that a 
spanner may be used to screw it into 
the centre of the piston. ‘The other 
end is passed through the guide-boss in 
the end plate, and a mushroom-headed, 
adjustable end-fitting is screwed on 
and secured by a lock nut. When the 


FEBRUARY, 1953 


outer end of the lever and the other 
over a point further inboard on the 
other side of the gear shift control 
spindle. Screwed in each end are two 
adjuster screws with lock nuts, one tor 
each gear. A different screw contacts 
the lever when each gear is selected. 
Thus, individual adjustment, appro- 
priate to the movement required for 

the selection of each gear, can 

be made to the micro-switch 


» operating mechanism. 


moves downwards and_ the @) 

pawl swings upwards to the |B To maintain the switch 
| 

disengaged position, so that positively depressed when 
operation of the clutch servo the gear has been engaged, a 
causes only the twin lever to ee my — { yoke is centrally pivoted on 
be moved, and leaves the Ores the rocker above its axis of 
independent lever behind. oscillation. Two tension 
Throttle servo (hb 2 ¥V attached to the mounting 
As in the case of the clutch 5 bracket, are secured = to 
servo, a bellows type of | iP 0 each end of the yoke. Thus, 
throttle servo is employed in ~~~ “mati r= when a gear is selected and 
preference to a piston and “Ly ———— the pivot point is therefore to 
cylinder unit because — the one side of its top dead centre 
manufacturing tolerances do On the steering column — four adjuster screws give individual position, the tension springs, 
not have to be so. closely adjustment for each gear selection acting through the — yoke, 


controlled. The function of this 
unit, Which is mounted in a U-bracket 
on the engine, is to open the throttle for 
downward gear changes. ‘The bellows 
unit consists of two circular end plates 
about 1) in apart and a similar centre 
plate that performs the function of a 
piston. All three plates are in 
diameter in thick and have 
around their peripheries. ‘Phe rubber 
bellows is secured round these grooves 
by wires, and is further strengthened 
and stabilized by wire rings inside. 
One of the end plates is secured to 
the inner face of an arm of the 
U-bracket by an adaptor for the flexible 
pipe to the solenoid valve. The adaptor 
is a tube to the outer end of which the 
flexible pipe is attached; it is threaded 
at the other end. Midway along its 


length is a hexagon collar to take a 
spanner. ‘The adaptor passed 
through a clearance hole the 


U-bracket, and screwed into a tapped 
hole through the centre of one of the 
end plates 

‘The other end plate is secured to the 
opposite arm of the U-bracket by «a 


servo is applied, the mushroom head 
bears against a bell crank in the engine 
control system, and opens the throttle. 
At all other times the return spring 
holds the head clear of the bell crank. 


Steering column switch 

This switch is mounted on a bracket, 
clamped on the steering column, just 
forward of the dash. It is a simple 
push button micro-switch, operated by 
the shift lever. As this switch 
initiates the whole sequence of auto- 
matic operations of the clutch and 
throttle servos, its function is that of 
an electric master control. 

‘The push button is actuated by a 
lever with its axis horizontal and at 
right angles to that of the steering 
column. One end of this lever is pivoted, 
on the mounting bracket, to one side of 
the switch. The other end extends over 
the button and passes between the gear 
shift control spindle and the steering 
column. A fabricated 12 s.w.g. rocker 
secured by two set screws to the gear 
shift spindle depresses the lever when 


geal 


retain the rocker firmly on 
the operating lever. 


Solenoid valve 

In a solenoid valve, as the core piece 
is withdrawn, the force that can be 
exerted decreases inversely with the 
square of the distance. Therefore, for 
efficient operation, the movement of 
the valve must be as small as possible. 
In this unit, it is no more than,’ in. 

In general, the unit is built up on a 
13 in « 12 in x 2in long rectangular die- 
casting which, together with two end 


pieces, forms the valve body. ‘The 
solenoid windings are housed in 
cylinders spigot mounted with their 


axes horizontal, one on each end piece. 
Both cylinders are 13 in diameter « 3} in 
long, and the inner end of each is 
flanged to take the four set screws that 
pass through the end piece into tapped 
heles in the valve bedy. 

Assembled in the following order 
into the outer end of each cylinder are: 
the solenoid winding, an end plate, and 
an end cap. The end plate is spigoted 
into the cylinder, and is held in position 


similar adaptor and a set screw passed each gear is selected. The rocker is by four set screws in holes drilled 
through the bracket and screwed into double ended, one arm being over the — radially through the cylinder walls. 
the plate. The adaptor and A boss at the centre of the 
set. screw are diametrically inner face of the end plate 
opposite one another on a projects into the on 
pitch circle diameter of (° in. ale which the solenoid is wound. 
At the centre of the inner In the end of this boss is an 
face of the plate is a boss, axially drilled hole, about in 
Sin thick, which is drilled ta: iii deep, to carry the end of a 
for the piston rod. Seated bears against the valve stem 
round the boss is a compres- ty hold it in the closed 
sion spring which, at its other position. 

end, bears against the piston. ane , The other face of the end 
This spring, which is in the plate is drilled axially at the 
low pressure side of the unit, | centre, and tapped for a set 
is compressed when the screw securing an end cap. 
induction pressure is applied Wi. a This cap protects the elec- 
to the piston; when the / trical connections to the 
pressure ts released, it returns 4 solenoid. The connections 


the piston to the disengaged 
position. A spring return is 
used preference to a 
double-acting piston because 
it simplifies the solenoid valve. 


In the solenoid 


unit, 
and close four ports 


only two valves are employed to open 


are made at a terminal block 
mounted on the plate, and the 
internal leads to the solenoid 


winding are passed through 

holes in the plate. The 
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external leads are passed 
through a_ hole formed 
between the plate and a slot 
in the rim of the cap. 

At the inner end, the 
cylinder is closed except for a 
‘in diameter hole through 
which is passed a in 
diameter extension of the 
valve stem. The main por- 
tion of the stem is Sin 
diameter and forms the core 
of the solenoid. Around the 
1n diameter portion is a 
groove, in deep 4) in 
long, to carry the rubber 
valve head. A _ longitudinal 
drilling through the diameter 
portion of the stem provides an escape 
for air that would otherwise be trapped 
between the valve stem and the end 
plate. The compression spring already 
mentioned seats in an axial drilling, 
, in diameter = |! in deep, in the outer 
end of the stem. 

Both end pieces are rectangular in 
shape, and are spigoted into the centre 
piece of the valve body. They are 
in long, and their cross sectional 
dimensions are the same as those of 
the centre piece. Each has two func- 
tions, namely to form an outer chamber 
between the cylinder and the cupped 
outer face of the end piece, and to close 
the outer end of an inner chamber in 
the centre piece. From the illustration, 
it can be seen that the end piece at A 
is drilled radially so that the chamber 
between it and the cylinder is open to 
atmospheric — pressure. 
shert, wire gauze — sleeve 
around the unit covers these 
radial ports and forms a filter. 
However, the other end 
piece, at B, is not so drilled, 
but has in its vertical face a 
port communicating with the 
chamber between the end 
piece at A and the centre 
piece. 

On assembly, 
stem is passed through a 
diameter hole the 
centre of the appropriate end 
piece, and the rubber head is 
then put on. Thus, when the 
solenoid actuates the valve 
at A, the head seats on the 
inner face of the end piece 
and blanks off the hole which 
is, in effect, a port to atmos- 
phere. At all other times, 
the compression spring forces 
the valve away from this 
aperture and on to a seat in 
the centre piece to close the 
induction-pressure port. The 
action at B is similar except 
that when the solenoid closes 
the outer port, it prevents the 
transfer of pressure from the 
inner chamber at A to the 
inner chamber at B. 

The centre piece, in addi- 
tion to being the base on 
which the unit is built, incor- 
perates all the pipe connec- 
tions. A diameter 
longitudinal drilling forms 


each valve 


d 
e 
f 


A diagrammatic illustration of the control system 
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A pressure switch is mounted on top of the solenoid valve 


the centre, or induction — pressure 
chamber which, when the solenoids are 
not in operation, is closed at each end 
by the valve heads. A vertical drilling, 
in diameter, communicates with the 
longitudinal hole, and carries a short 
length of sweated-in copper tube form- 
ing the adaptor for a flexible pipe 
to the induction-pressure reservoir. 
Ancther tube, | in outside diameter, 1s 
mounted in a similar manner, alongside 
the pipe to the reservoir. It gives com- 
munication between the inner chamber 
at B and the clutch servo. 

In the side of the induction-pressure 
chamber, another port communicates 
with a cylindrical chamber that houses 
a non-return valve. The axis of this 
chamber horizontal and at right 
angles to that of the centre chamber. 
The outer end of the non-return valve 
housing is closed by screwed-in 


Ignition switch g 
h 


1 Solenoid valve 
Induction manifold 
Clutch operating servo 
Synchronizer switch 
Slip ring 

Clutch pedal 

Throttle pedal 


Steering column switch 
(closed in neutral) } 
Hand brake switch k 
(closed with hand | 
brake off) m 
Vacuum switch n 
Vacuum reservoir 

Non-return valve 


Throttle operating servo 


adaptor for the pipe line to 
the induction manifold. ‘The 
non-return valve, which has 
a rubber head, is held down 
on the port to the centre 
chamber by a compression 
spring between it and the 
adaptor. A blind, axial drill- 
ing is provided in the outer 
end of the valve to take a 
guide pin mounted in the 
adaptor. 

Positioned one each 
side of the non-return valve 
chamber are two (4) in out- 
side diameter, short copper 
tubes sweated into holes 
drilled through the side of the centre 
piece into the two inner chambers. 
These tubes carry the flexible pipe 
lines to the throttle servo. A depres- 
sion-operated switch unit is mounted 
on the side opposite the connections to 
the clutch servo and reservoir. Induc- 
tion pipe pressure is exerted on the 
switch unit through a {in diameter 
hele from the inner chamber at B 


Operation of the system 


The solenoid valve is virtually the 
master pneumatic unit for the whole 
system. “Therefore, in order to under- 
stand the operation of the system it is 
necessary to study the illustration of 
the solenoid valve as well the 
diagram of the electric circuits. 

When startung from rest, with the 
hand brake off, the sequence is as 
follows. ‘The ignition is switched on 

and connects the battery into 
the automatic control circuit. 
When the gear shift lever is 
in neutral the steering column 
switch is closed so that the 
solenoid A is energized. ‘This 
unseats the valve from. the 
end of the induction pressure 
chamber and seats it on the 
port to the outer chamber, 
which is open to atmosphere. 
Thus the atmosphere con- 
nections to the throttle and 
the clutch servos are closed 
and induction pressure is sub- 
stituted in the system. 

The clutch servo moves the 
clutch control to the = dis- 
engaged position, and an 
interconnecting link the 
control system closes the 
throttle regardless of the 
position of the pedal. Under 
these conditions, depression 
of the throttle pedal simply 
applies a tension to a spring 
in the control linkage. When 
the override device is not in 
operation, the spring 1s suff 
enough to act in the same 
manner as a rigid link and 
transmit the control motion to 
the throttle butterfly. 

Induction pressure is com- 
municated to both sides of 
the throttle servo, that 1s to 
say, directly from the pipe at 
A and also through the 
transfer passage to the side 
B, and through the outer and 
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inner chambers and the pipe at B. 
‘Thus, no movement of the throttle 
servo results. The reason for this 


seemingly inessential transfer of pres- 
sures to the throttle servo will become 
apparent when the change down 
sequence is explained. It arises from 
the fact that only one low pressure 
connection from A operates the servo 
during the change down, and to prevent 
the servo from operating during the 
upward gear change, the pressures on 
side of the piston must be 
If one side were opened 
directly to atmosphere instead of 
through the balance pipe the 
solenoid valve at B, the solenoid valve 
would have to be more complex. 

‘The next operation in moving away 
from rest is the shifting of the gear 
lever to engage first or second gear in 
the normal manner. ‘The last part ot 
the movement of the lever opens the 
steering column switch, and the valve 
at A is released. As a result, the port 
to the low pressure chamber is closed 
and the port to the outer chamber, and 
hence to atmosphere, is opened. ‘The 
clutch springs then return the unit to 
the engaged position and the throttle 
control is released so that the driver 
has direct control, However, no drive 
is transmitted, because the engine 1s 
running too slowly tor the centrifugal 
mechanism to be effective. Only when 
the engine speed is increased does the 
centrifugal clutch engage to take up the 
drive. ‘This is a useful feature when 
driving in congested traffic. 

Further upward changes may be 
effected simply by moving the gear 
shift lever, and the same sequence ot 
automatic operations follows. “The 
initial movement, of Course, closes the 
steering column switch and energizes 
the solenoid valve to bring into opera 
tion the servo which disengages the 
clutch. At the same time. the inter 
connecting linkage closes the throttle. 
Then the gear is selected by further 
the shift) lever, which 
operates the normal synchromesh 
mechanism in the gearbox. No skill 
whatever is required, and the change 
up is effected as smoothly and swiftly 
as by skilled operation of a normel gear 
shift system. 

Downward gear changes are effected 
in a similar manner, but another unit, 
the synchronizer switch in the clutch, 
is brough into operation to actuate the 
throttle servo. The first motion of the 
gear shift lever into neutral closes the 
steering column switch. This energizes 
the solenoid valve A, which causes the 
operate and disengege the 
clutch. At the same time the throttle 
is closed. Then the driver moves the 
year lever into the lower gear to effect 
a normal svnchromesh engayement 

The closing of the throttle reduces 
the speed of the clutch driving member 
relative to the gearbox primary shoft 
and clutch driven member. As a result, 
the contacts of the synchronizer switch 
lag in relation to the eccentric cam 
ring which thus completes the circuit 
across the two points, The solenoid 
at A is already in operation, so that 


each 
balanced. 


movement of 


servo to 
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induction pressure in the inner cham- 
bers has closed the depression operated 
switch and the whole circuit 1s 
completed to energize the solenoid at 
B. There is, however, no immediate 
change in the position of the servos, 
since all the chambers to the left of the 
outer one at A were already sub ect to 
induction pressure. 

Energizing the servo at B ts thus 


only a preparatory part of the throttle 
opening sequence. The final move- 
ment of the gear shift lever releases 


the solencid at A. This admits atmos- 
pheric pressure through the pipe to one 
side of the throttle servo, which then 
opens the throttl. When the engine 
and clutch driving-member have accel- 
erated to a speed just faster than thet 
of the driving member, the synchronizer 
switch ts opened ard the solenoid valve 
at B returns to its normal position. 
This admits atmospheric pressure to 
the whole system; the clutch engages, 
and control of the throttle is returned 
to the driver The change down 1s 
effected smoothly, but it is possible that 
a very skilled and experienced driver 
could make a quicker change by double 
declutching with a normal gear control. 

The reason for the incorporation of 
the depression-operated switch in the 


synchronizer circuit 1s now apparent. 
When running in gear at very low 
speeds, the centrifugal mechanism 
might disengage the clutch. ‘Then, if 


the engine speed were allowed to fall 
sull further, the synchronizer switch 
would come into operation and, with- 
out an open depression-operated switch 
in the circuit, the engine speed would 
be increased by the throttle servo and 
hunting would occur. 


Special features 

So far, only normal driving opera- 
tions have been described. However, 
there are occasions when specizl con- 
ditions give rise to additional require- 
ments. For instance, when the engine 
is Started from cold, with the gear lever 
in neutral, the driver) must have 
complete control over the throttle. 
This he would not have under normal 
running conditions since the steering 
column switch would be closed, and 
the clutch servo with its interconnecting 
linkage to the throttle would be in 
operation. To provide for cold starting, 
the solenoid circuit from A is taken 
through a switch which is open when 
the hand brake is on, so that the clutch 
servo and its interconnecting linkage 
to the throttle are released. This does 
not affect the starting from rest con- 
dition, since the centrifugal clutch is 
not engaged until the engine speed 1s 
increased. Thus, when starting on a 
hill the first gear may be engaged with 
the hand brake on. It should be 
mentioned here that when a member 
of the staff of Automobile Engineer 
tried a car fitted with this system, a 
normal start was made without any 
difficulty on several steep hills. 

Nevertheless, on an extremely steep 
gradient, with the car overloaded, or 
with the wheels bogged, trouble could 
be experienced. This is because on 
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most vehicles, the centrifugal clutch 
would engage at an engine speed below 
that at which maximum torque 1s 
developed. For this reason, the con- 
ventional clutch pedal has been retained 
and this allows the driver to hold the 
clutch in the disengaged position until 
the engine speed at which maximum 
torque is developed is reached. 

There are other occasions when 
direct control over the clutch is needed. 
One of these 1s during a tow start, and 
another is for “inching” in confined 
parking spaces. When a centrifugal 
clutch is used, the engine speed hes to 
be increased enough to enguge the 
clutch before the vehicle cun be moved. 
Then, to stop again and disengage the 
clutch, the brakes must be used _ to 
overcome the rotational inertia of the 
engine and transmission in addition to 
the translational inertia of the vehicle. 
‘This is by no means impossible, but the 
override operation 1s, perhaps, more 
convenient. A_ third condition when 
direct engagement of the clutch 1s 
required, is when parking in- gear 
instead of using the hand brake. ‘This 
practice is resorted to in very cold 
climates in which a hand brake may 
freeze if left on for long, and it may 
then be a very difficult and tedious task 
to free it. For push starting or parking 
in gear, the clutch can be engaged by 
operating a lever under the dash facia. 
The motion of this lever is transmitted 
through a Bowden cable to the pawl 
actuating lever. 


Nash Developments 

ANY mechanical improvements 

have been made in the 1953 Nash 
Ambassador and Statesman models. 
One of the principal advances is the 
new Statesman Powerflyte engine, 
which now gives a maximum output 
of 100 h.p. against the previous figure 
of 88. The new engine is also said to 
give greater fuel economy at certain 
speed ranges. This is a 6-cylinder 
L-head engine, and the increased 
horse-power has been gained without 
any increase in displacement. 

The compression ratio has been 
raised from 7-0:1 to 7-45:1. Another 
change is that a new double-barrel 
duoflo carburettor is used. The intake 
manifold passages have been enlarged 
and the combustion chambers have 
been redesigned, and there is a marked 
advance in engine breathing charac- 
teristics through these changes and 
through improvements in the exhaust 
system. A new high-lift camshaft is 
also incorporated in the design. 

The standard power unit for the 
Ambassador model is the 6-cylinder 
120 h.p. Super Jetfire engine. As an 
alternative, the Le Mans Dual Jetfire 
engine may be fitted. This is also a 
6-cylinder overheed valve engine. It 
develops 140 h.p. at 4,000 r.p.m. Two 
Side-draught carburettors are fitted to 
work in conjunction with an intake 
manifold that is larger than that of the 
Super Jetfire. Power assisted steering 
is optional for the Ambassador. It 
gives direct hydraulic actuation of the 
steering linkage. 


‘ — 
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PHENOMENA’ 


Effects of Lubrication and the Nature of the Superficial Layer 


T is well known that the continued 
running of a bearing often leads to 
changes in its performance, which 
may improve or deteriorate even when 
external conditions are constant. A 
typical example of this behaviour is 
shown in Fig. 1, from which it can be 
seen that an initially high rate of wear 
of a bearing gradually decreased, and 
then sensibly ceased when 


stable conditions were 
attained. In contrast to this 
running-in effect followed 7 


by a period of stable opera- 
tion, there may be men- 
tioned the familiar experi- 
ence of machine parts that, 
after having given satis- 
factory service for prolonged 
periods, finally wear out and 
need to be replaced. These 
three phases of operation: 
running-in, normal service, 
and wearing-out, are char- 
acteristic of many different 
types of bearing. Examina- 
tion shows that these effects 
are due either gross 
dimensional changes, or to changes in 
the nature of the lubricant or of the 
rubbing surfaces during running. 


Continuous wear 

Even the most correctly designed and 
operated bearing slowly but con- 
tinuously seems to suffer some wear 
during operation. This is not neces- 
sarily disadvantageous; indeed, 
running-in consists essentially of this 
type of wear, and it may often be 
preferable to encourage this slow wear 
rather than more severe forms of 
failure. The main feature of the 
running-in process is that material is 
removed in small particles, which are 
carried away in the lubricant without 
resulting in any gross surface damage. 

The following effects may contribute 
to the removal of particles: 
1. The mechanical interlocking — of 

asperities present on the rubbing 

surfaces, 


2. The localized adhesion of mating 
surfaces in a manner already 
exhaustively discussed by Bowden 
and Tabor'. 

3. The dislodgement from the surface 
of wholly or partly oxidized particles 
by the corrosive action of the 
lubricant or by erosion caused by 
cavitation. 

4. The abrasion of the surfaces by 
hard oxide particles or by adven- 
tutious matter. 

It is important to note that dimen- 
sional changes in bearings are not 


necessarily the consequence of wear. 
The operating normal and tangential 


* From a paper presented at a symposium, on Proper- 
ties of Metallic Surfaces, organized by the Institute 


of Metals, November, 195. 


By F. T. Barwell, Ph.D., D.I.C., B.Se.(Eng.), Wh.Sch., M.I.Mech.E., A.M.1.E.E. 


stresses may produce plastic deforma- 
tions in the softer of the two surfaces. 

The types of wear discussed above 
do not lead immediately to failure of 
the mechanism, and may even continue 
for many years before their effects are 
appreciable. Certain forms of surface 
damage, however, such as scuffing, lead 


hand, Grodzinski* has demonstrated 
that the resistance of diamond to 
abrasion depends on the direction of 
the rubbing action, which indicates that 
atomic structure also has an effect. 
Wear and damage to machine com- 
ponents are usually associated with a 
comparatively large relative motion of 


to gross disruption of the mating the mating surfaces. 

There is, however, a par- 
T T ticularly malignant form of 
r | damage which can occur 
| when two mating surfaces, 
nominally rest with 
respect to one another, are 
| | | | | | | subject to slight vibrational 
slip. This phenomenon, 
which has been termed 
“fretting corrosion,” 1S 
t t characterized by pitting of 
| the surfaces, and the genera- 
tion of considerable quan- 
| | | tities of finely divided oxi- 

80 an dized debris. 


Time-hr 


Running-in curve for a bearing 


surfaces. These disruptions may be 
severe enough to render the bearing 
surfaces unfit for further use. Typical 
features of scuffed areas are numerous 
torn patches and blobs of transferred 
material. High temperature produced 
at parts in intimate contact is the 
cause of scuffing. Under certain con- 
ditions of heavy load and high speed, 
the frictional heat cannot be dissipated 
rapidly in the surrounding media, and 
an unstable system is initiated, which 
leads quickly to localized welding of 
the opposing surfaces and their sub- 
sequent rupture. This type of failure 
is especially susceptible to prevention 
by surface treatment applied either 
before running, or continuously by the 
addition of suitable chemical com- 
pounds to the lubricant. 

A common type of failure of rolling 
elements is characterized by the for- 
mation of small pits. The pitting is 
believed to be due to fatigue of the 
material in the regions of maximum 
shear stress which occur at some depth 
below the surface. This type of failure 
is sometimes found in ball races. 


Abrasion and fretting corrosion 

Recent workers, for example Oberle’ 
and Brunt’, associate the abrasion 
resistance of a material with the 
amount of deformation it may endure 
without permanent change. A _ high 
value of yield stress combined with a 
high extensibility are desirable charac- 
teristics since they allow the energy of 
successive minute impacts be 
absorbed without damage. If this point 
of view can be substantiated, the 
criterion of abrasion resistance should 
be proof resilience f*/2E. On the other 


Owing to the restricted 
movements of the two sur- 
faces, the oxidized debris 
cannot easily escape, and 

extremely localized abrasion results. 
The formation of the oxide debris 
does not appear to be dependent 
upon the generation of high  surtace 
temperatures, but rather on the 
considerable chemical activity — of 
the abraded virgin material, combined 
with the high pressures at the point of 
contact. Minute amounts of water 
vapour between the surfaces appear to 
play an important role, and in the 
particular case of steel the characteristic 
red oxide, known to engineers as 
“cocoa,” is probably formed via the 
hydroxide phase. Effective oxygen 
concentration at the surface also plays 
an important part in fretting corrosion. 
The protective action of lubricants for 
instance is enhanced by a low solubility 
and diffusivity of oxygen in them. 


The role of metal oxides 

Under very light conditions of load- 
ing, the oxide itself may offer a certain 
amount of protection, and sliding will 
probably take place at an oxide/oxide 
interface. Under these conditions, the 
prevention of metallic welding, how- 
ever, is dependent upon the relative 
rigidities of the oxide and the under- 
lying metallic substrate. Therefore it 
will be affected by the metallurgical 
changes occurring in the intermediate 
surface zones of the bearing material. 

Recent work by Moore and Tegart’ 
has shown that under conditions of 
repeated sliding, without a lubricant, 
the continuous deformation of the 
surface layers can lead to the inclusion 
of oxide particles to a considerable 
depth within the disrupted surface zone. 
Work in the Mechanical Engineering 
Research Laboratory at Thorntonhall 
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has shown this to be dependent to some 
extent on the velocity of sliding. ‘Ihe 
effect of a high velocity of sliding is to 
increase the degree of oxide inclusion. 
Moreover, the presence of such 
embedded particles, inhibits any pos- 
sible future grain growth and effectively 
stabilizes the disrupted surface layers. 
We may conclude therefore that under 
practical conditions of sliding, the 
bearing surfaces do not generally 
consist of a simple work-hardened or 
amorphous structure, but rather of a 
complicated mixture of strained metallic 
material, oxides, and other possible 
decomposition and reaction products. 

In the presence of a lubricant, the 
behaviour of an oxide film and its rate 
of re-formation will be greatly 
modified. ‘This is due in part to the 
reduction in the effective oxidizing 
conditions, and in part to the additional 
chemical, physical and mechanical 
interacuions. Experiments similar to 
those mentioned in the previous para- 
graph, but with an oleic acid blend as 
lubricant, showed that the oxide 
particles were not embedded to the 
same extent as they were under dry 
conditions. It appears that the presence 
of the lubricant reduces re-oxidation 
and also lessens the deformation of the 
surface layers. “This explanation, how- 
ever, does not fully account for the 
behaviour of the oxide particles in 
continuous sliding and in the presence 
of a surface-active lubricant, such as 
oleic acid. 

Davies’ found that, with a refined 
mineral oil as lubricant, there was 
evidence that wear was high untl a 
quantity of wear debris, sufficient to fill 
in the irregularities of the surface, had 
been accumulated. The wear debris 
appeared to consist of aggregates of 
finely divided oxides approaching 1 
in diameter. When a surface-active 
agent such as oleic acid was added, it 
effectively dispersed the finely divided 
oxide, which prevented from 
accumulating on the rubbing surfaces. 
As a result, there was a subsequent 
increase in the rate of wear. Davies 
concluded that under certain conditions 
the chemical reactivity of the oleic acid 
was of secondary importance com- 
pared with its dispersing and detergent 
properties. ‘Thus it) appears that 
oxidation of the surface not only 
reduces the possibility of metallic con- 
tact, but that when such oxides and 
other wear debris are removed from 
the surface, they can assume the 
additional protective role of filling up 
the surface irregularities, and thereby 
reducing the effective load at the 
asperitics. 

Gwathmey, Leidheiser and Smith‘ 
have studied the friction and oxidation 
of single crystals of copper, and have 
shown that the chemical properties and 
the processes of friction and wear 
depend on the crystal face exposed at 
the surface. When a single crystal was 
corroded by hot oils, it was found that 
some faces became very rough, 
whereas others remained smooth. 
Friction between bare copper crystals 
from which all oxide had been removed 
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was bound to vary by a factor of four, 

depending on the crystal faces involved. 
The functions of the oxide in con- 

tinuous and prolonged sliding can 
therefore be summarized as follows: 

1. Oxide formation in the presence of 
water may lead to highly reactive 
free radicals. 

Under mild conditions of sliding the 
oxide may prevent metal-to-metal 
contact 

Under more severe conditions and 

in the absence of a surface-active 

lubricant the oxide will embed itself 
into the surface of the metal. 

In the presence of a surface-active 

lubricant oxide will detach itself 

from the surface and promote a mild 

form of wear. 

In a polycrystalline material oxida- 

tion may lead to roughening owing 

to different) rates of action on 
different crystallographic planes. 


Modification of the bearing surface 

Besides the changes that occur in 
the structure of the oxide layer, the 
metal itself is also liable to be pro- 
foundly affected by rubbing. Finch!° 
has surveyed the various factors 
involved, and so only a few of the 
more important will be considered 
here. ‘The main changes are in surface 
topography and in metallurgical struc- 
ture. Chemical effects will be discussed 
under the heading of “ Artificially 
modified layers.” 

The importance of “ running-in” 
new bearing surfaces by using light 
loads and copious lubricant is fully 
recognized by engineers, but the 
causes of improvement are not 
generally appreciated. ‘To a large extent 
they are purely geometric. ‘Thus, the 
performance, as demonstrated in the 
illustration, of the journal bearing can 
be ascribed to slow wear and flow of 
the soft) bearing material to give a 
geometrical configuration, which 
promotes the formation of hydro- 
dynamic lubrication. Once this is 
established, the rate of wear becomes 
negligible. If the accuracy of manu- 
facture had been sufficient to” give 
hydrodynamic lubrication initially, no 
wear at all would have occurred. 
Similarly, though on a_= microscopic 
seale, the peaks of the initial irregu- 
larities of a plane ground steel surface 
were smoothed over by rubbing against 
white metal; once again the resulting 
geometry of the system encourages 
hydrodynamic lubrication and a very 
low rate of subsequent wear. 

In contrast to these changes in 
profile that lead to improved perform- 
ance, an unstable system that usually 
leads to complete failure may be con- 
sidered. Under certain critical condi- 
tions, the temperatures at the scattered 
points of intimate contact are suffi- 
ciently high to cause melting. If ‘the 
volume of metal affected is such that, 
on subsequent quenching, some of it 
solidifies as a blob that increases the 
surface irregularity, then on repeated 
traverses over the rubbed area the 
lubrication and temperature conditions 
may be worsened, more metal affected, 


FEeBruARY, 1953 


and the surfaces rapidly roughened 
and torn. This is the type of failure 
designated as scuffing. From a taper 
section through such a scuffed area on 
a steel specimen the history of the 
deterioration may be traced. The 
initial pick-up between the surfaces 
is often covered with a further layer 
at each traverse and gradually forced 
deep into the bulk of the material. 
Different etchants and micro-hardness 
determinations may reveal the very 
considerable variations structure 
throughout the scuff. In one such 
specimen, the initial hardness of the 
rider was 200 D.P.N. (30 kg) and that 
of the slider 150, whereas the hardness 
of the resolved areas of the transferred 
material ranged from 350 to 850, 
indicating very rapid thermal quench- 
ing. ‘The presence of unresolved 
inclusions when a plain mineral oil is 
used may be indicative of carburization 
of the steel by decomposition of the 
lubricant. 

Except under fully hydrodynamic 
conditions of lubrication inter- 
oxide and intermetallic contact) may 
always be expected. Under milder 
conditions than those mentioned in the 
previous paragraph the heat generated 
is rapidly dissipated in the surrounding 
media. However, the high stresses and 
temperatures at the points of intimate 
contact may still be sufficient to cause 
plastic flow of the material. They often 
give rise to smoothing of the irregu- 
larities, polishing of the surface, and 
distoruion of the crystals beneath. The 
effect. on the resultant structure may 
be profound, especially if oxide par- 
ticles are embedded in the worked 
material. As previously mentioned, 
Moore and ‘Tegart found that grain 
growth is effectively inhibited by the 
presence of occluded oxide particles. 

‘The structure of the extreme surface 
layer, just below the oxide covering, 
is of great importance in determining 
the performance of the rubbing  sur- 
face; its influence may be as great as, 
if not greater than, the purely geometric 
effects already noted, Finch has shown 
how even the lightest) mechanical 
polishing of two anodically polished 
single crystals of copper can substan- 
tially reduce the damage caused by 
sliding. ‘The presence of this almost 
amorphous material, or Beilby layer, 
probably serves to reduce the tendency 
towards the occurrence of cold weld- 
ing, and provides stronger mechanical 
support to the oxide film. 

On the other hand, working and 
strain-hardening of the — crystalline 
material below the surface is liable to 
increase the susceptibility to frictional 
damage, for the metallic junctions, 
once formed, will themselves be 
stressed and finally broken. Unless the 
junction is weak owing to a lack in 
affinity, cleavage will probably occur 
below the surface, at a point deter- 
mined by the relation cf the modified 
Hertzian stress distribution to the local 
strength of the material. The size of 
the particle removed may_ therefore 
depend upon the depth and degree of 
local variations of surface hardness. 
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Changes below the surface 

If we assume a simplified model of 
two approaching spherical surfaces to 
be an approximation to the points of 
real contact, the stress distribution will 
conform to the classic analysis of Hertz, 
in the absence of tangential resistance 
at the interface. “Then, the maximum 
shearing stress will occur at a point 
below the interface, and the first yield- 
ing or flow is to be expected in this 
region. With tangential resistance, 
however, the maximum © shearing 
stresses will occur near to, or even at 
the interface, and in this case the 
surface layers will yield first. A graphic 
illustration of this difference has been 
given by Moore!'', who found that in 
unlubricated sliding there was con- 
siderable plastic deformation around 
the track, whereas in lubricated sliding 
the sub-surface material was deformed 
although the initial irregularities were 
relatively unaffected. 

Very often the surface stresses are 
insufficient to cause plastic flow of 
material except in the extreme surface 
layers. In repeated cycles, however, 
lower values of stress may be. suffi- 
cient ultimately to cause fatigue and 
resultant failure. This the basic 
cause of pitting of rolling bearings and 
of gear teeth. In order to study this 
mode of failure recourse was made to 
a simulation method of test. The 
apparatus was a Boerlage'* four-ball 
machine, modified to allow the lower 
three balls to rotate freely in a special 
race. As a result of this modification, 
the upper ball, on rotation, 1s subjected 
to continuous rolling contact with the 
three lower balls along a circular track. 
During prolonged running under load, 
pits develop in the track on the upper 
ball, and their nature is very similar 
to those encountered in practice. 

Numerous tests were made, using a 
straight mineral oil as lubricant, with 
a variety of loads and running periods. 
For the purpose of this review only 
the phenomenological aspects of the 
results will be considered. These were 
obtained by examining the upper balls 
from a number of tests, after various 
running times under uniform condi- 
tions. The balls) were examined 
normally, and also in section. 

On the balls, the running tracks were 
clearly visible as stained bands, and 
after prolonged running the pits 
formed. Closer examination showed 
that a certain amount of plastic flow 
had occurred within the track, which 
was left as a shallow depression on the 
ball. At the inside edge of the track, 
small transverse cracks appeared after 
a short running period, these 
gradually developed as running pro- 
ceeded until a flake of metal became 
detached. 

Microsections across the — tracks 
showed that associated changes were 
taking place beneath the surface. The 
change in microstructure of the steel 
increases with time. The precise 
metallurgical structure induced has not 
yet been positively identified, but 
appears to be a form of mechanical 
troostite. 
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In the later stages of running 
scattered cracks were observed to form 
below the centre of the track, in the 
areas metallurgically altered. These 
cracks gradually spread in directions 
parallel to the surface. Some of the 
failures may also have been a result of 
the meeting of the surface and sub- 
surface cracks. Once the surface had 
started to break up in this way the 
damage would have quickly spread 
until the whole running surface became 
disintegrated. 

The loads and stresses employed in 
these experiments were rather higher 
than those usually employed in_ ball 
bearings. However, that similar results 
may be expected under conditions more 
closely akin to practice was shown by 
preliminary experiments at lower 
stresses. ‘The cure would seem to be to 
reduce the fatigue susceptibility of the 
system, either by attention to the purity 
and homogeneity of the material, or 
by closer control over the stress 
distribution. 

Although these fatigue phenomena 
have been investigated in relation to 
rolling contacts, it is probable that they 
also contribute to the slow wear of 
bearing surfaces. In cases where the 
conditions of contact are such that 
shallow sub-surface stresses. are 
induced, but where the values of these 
stresses are too low to cause plastic 
flow, it may be expected that prolonged 
operation will cause fatigue of the 
surface layers, and their ultimate 
breakdown in small particles. this 
connecuion it 1s interesting to note that 
Rose'* has experienced slight’ pitting 
of steel surfaces after prolonged sliding 
at relatively light loads. 


Artificially modified layers 

Phosphating. ‘The protection afforded 
by the normal type of regenerative 
film, although generally sufficient for 
most bearing conditions, may not be 
adequate when extreme pressures are 
developed between the sliding surfaces. 
In such cases additional protection may 
usually be obtained by artificially 
modifying the surface layers of the 
rubbing surfaces so that sliding takes 
place in effect between two non- 
metallic surfaces. 

In the case of ferrous specimens, one 
of the most successful processes that 
has been used is that in which a deep 
phosphate coating is formed on_ the 
surface of the specimen. Because of the 
porous structure of such a coating, it 
tends to hold the lubricant. Moreover, 
owing to the method of formation of 
the coating, it is strongly bound to the 
underlying ferrous substrata. is 
comparatively friable and rapidly forms 
a smooth bearing surface, so that 
hydrodynamic conditions are estab- 
lished almost immediately. As an indic- 
ation of its anti-seizure properties, tests 
carried out at Thorntonhall with a 
four-ball machine showed that in the 
case of one particular lubricant the 
seizure load was increased from 70 to 
700 kz when the balls were treated in 
this manner. 

Barwell and Milne'? have shown that 


the effectiveness of a bonded molyb- 
denum disulphide film can be greatly 
increased when used in conjunction 
with a phosphate treatment. Surfaces of 
this nature will withstand considerable 
loads for prolonged periods without 
seizure or appreciable wear. Only a 
comparatively poor bearing surface 1s 
obtained if molybdenum disulphide is 
rubbed into the surface, and it appears 
necessary to bond the material firmly 
to the phosphate coating if it is to be 
successful. Although this latter proce- 
dure involves heating the surface to 
350 deg C, this is not necessarily such 
a severe limitation as it first appears, 
since the use of such a dry lubricant is 
particularly suitable when temperature 
considerations rule out the employment 
of conventional lubricating oils. Some 
alternative method of application, how- 
ever, would be desirable, but is not 
available at present. 

Phosphating has also proved to be 
an extremely valuable palliative for 
fretting corrosion. Owing the 
restricted motion of the two surfaces, 
the rubbing conditions can be severe, 
and it is therefore not possible for 
hydrodynamic films to be established. 
The application of a phosphate film, 
however, not only prevents metallic 
contact, but also enables an oil film to 
be maintained, and so aids in reducing 
the oxidizing conditions at the rubbing 
surfaces. 

Anodized surfaces. Particular interest 
has recently been shown in the possi- 
bilities of using anodized surfaces as 
a method of overcoming the extremely 
poor bearing characteristics of 
minium. “Two factors point to. their 
possible utility: 

1. They have a very porous structure, 
and therefore are ideally suited for 
either dry or oil lubrication. 

‘They possess a considerable rigidity, 

though owing to the low. yield 

strength of the underlying material 

it is necessary to form as thick a 

coating as possible. 

One major disadvantage of anodized 
surfaces is their very poor thermal 
conductivity. This restricts their appli- 
cation to bearings in which running 
conditions are fairly light. Under 
severe conditions, failure to remove the 
frictional heat leads to a rapid distinte- 
gration of the film, and subsequent 
seizure of the bearing surfaces. Some 
alleviation from this restriction, how- 
ever, may be obtained by using such a 
surface in conjunction with a mating 
material of good thermal conductivity, 
and by removing as much heat as pos- 
sible by the use of an adequate flow of 
lubricant. 

Experimental results obtained at 
Thorntonhall indicate that the fric- 
tional force between anodized surfaces 
may be due primarily to the interlock- 
ing of asperilies, and 1s an interesting 
example of the form of friction sug- 
gested by Bikerman'®. The frictional 
characteristics of the very smooth 
anodized surfaces are not greatly 
affected by the use of either BP. 
paraffin or oleic acid as lubricants. 
With surfaces the average roughness of 
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which is 40 micro-in, the addition of a 
fatty acid as lubricant reduces the 
friction coefficient to the low value of 
0-15, whereas B.P. paraffin has little or 
no effect. ‘This seems to indicate either 
that soap formation occurs, or that in 
the presence of the | surface-active 
liquid the asperitics are weakened by 
its penetration into the fine porous 
structure of the film. 


Surface layer reaction with a lubricant 

A great deal of work has been pub- 
lished on this subject, and it is not 
possible to give here a complete review 
of the discoveries mide in this field. It 
may be useful, however, to enumerate 
the various factors involved, and to 
mention those aspects of the problem 
which have received little attention in 
the past. 

The object of forming a protective 
surface by chemical reaction is to pro- 
duce a film of relatively low’ shear 
strength to facilitate sliding. The pro- 
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cess by means of which the protective 

fiim is being formed depends on the 

following factors: 

1. Lhe reactivity of the metal surface. 

2. ‘The nature of the lubricant present. 

3. ‘The mechanical conditions of | slid- 
ing, such as speed and load, which 
determine the temperature and 
pressure at the surfaces. 

4. The conditions of environment, for 
examiple the presence of oxygen and 
Waler 
Phere is great interaction between 

the various factors, and a change in any 

one of these alters the properties of the 
protective film on the surfaces. 
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PROOF ‘TESTING OF COMPONENTS 


N an article by A. L. Boegehold in 

Metal Progress, 1952, Vol. 62, the 
proof of testing of full size automobile 
components is discussed. It is stated 
that to translate the results of labora- 
tory strength tests on simple test pieces 
into safe design figures tor machine 
parts operating under dynamic loading 
is a difficult matter. 

After making laboratory fatigue tests 
on specimens of different steels heat 
treated in various ways, these steels 
were used to construct rear axle rng 
gears which were assembled in a 
complete rear axle. Fatigue testing was 
then performed in a machine in which 
the propeller shaft 1s driven by a dyna- 
mometer motor, and at the ends of the 
axle, the wheels are replaced by electric 
venerators m Which the field strength 
is variable so that the load on the rear 
axle may be controlled. 

Contradictory results were obtained 


THE HYDRAULIC TORQUE 


J. A. Winter, S.A.E. Preprint, Sep- 
tember 9-11, 1952, describes an investi- 
gation into the relative transmission 
stresses encountered in trucks equipped 
with mechanical and hydraulic torque- 
converter drives respectively. The test 
programme was carricd out on a 
number ef trucks engeged tn “ off-the 
highway ” carthmoving, and coal and 
ore hauling. ‘Trucks of each type were 
equipped with a torquemeter on the 
propeller shaft, comprising strain 
gauge network — connected to a 
Burroughs mercury-bath commutator, 
or pick-up, together with a_ suitable 
amplifying and recording instrument. 

Torque recordings were taken dur- 
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from the two sets of fatigue tests. 
Reasons for the discrepancies are dis- 
cussed, and it is explained that had 
enough experiments with the different 
steels been made to determine the way 
to cut the teeth in order to get the best 
pattern of tooth contact, the results 
obtained in the rear axle tests would 
have been enurely different, and this 
was confirmed in subsequent work. 
A special apparatus for testing steel 
in crankshatts was used to examine a 
secuon of the crankshatt) comprising 
two main bearings, one crank throw, 
and the crankpin. A small motor with 
an eccentric weight on the armature 
shaft is hung on one of two heavy 
weights clamped to the main journal 
bearings. As it rotates the motor causes 
the weight to vibrate. ‘The motion is 
transmitted through the crankshaft to 
the other weight, so that a resonant 
vibration is set up at the natural 


ing starung, gear changing of mech- 
anical units, and over extensive routes, 
on trucks cquipped with both mech- 
anical and torque-converter drives, but 
otherwise identical. The recordings: are 
illustrated and compared, the 
sharp) positive and negative torque 
peaks which occur with the mechanical 
drive are clearly shown. 

During starting with heavy loads, 
the clutch engagement shock load was 
approximately 4) times the converter 
observed starung torque, the clutch 
shock loads including serious torque 
reversals. Shock loads during gear 
changing exceeded the smoothly 
applied torque of the converter by 
about the same ratio, Reactions due to 


frequency of the whole system. The 
stress in the crankshaft 1s controlled 
by a contactor in an electronic circuit 
which regulates the amplitude of vibra- 
tion as a function of exciter motor 
speed. 

General purpose machines for 
tesung automobile components include 
the Sonntag fatigue tester, a constant- 
load machine, the General Motors 
fatigue testing machine developed by 
Underwood and his associates, the 
Chevrolet dual - purpose stroking 
machine, which may be operated 
either as constant-stroke cr =a 
constant-load machine, and a machine 
using a similar means for stroking, 
originally developed by Almen. The 
use of testing machines is described in 
an investugation into the failure of a 
pitman shaft in a bus that left the road 
and hit a concrete pier. (M.I.R.A. 
Abstract No. 6033). 
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torque variauion under normal opera- 
tion varied by +28 per cent about the 
average mean load with the mechanical 
unit, but by only +14 per cent with 
the converter. It was found in general 
that’ design stresses. for converter- 
driven vehicles could be based upon 
an engine torque 1-25 times that used 
for an equivalent mechanically driven 
vehicle, to give approximately the 
same life expectancy. 

‘The effect on fatigue life of operat- 
ing under varying stress is discussed, 
and it is shown that the torque- 
converter drive permits a higher load 
factor, a longer life factor, and reduced 
operating costs to the user. (M.LR.A. 
Abstract No. 6075.) 
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YLON gears, nylon bearings, 
nylon washers, and a_ great 
variety of other moulded nylon 


parts are now being used in large 
quantities by textile machinery makers, 
by the automobile industry, and by 
other manufacturers who, after pro- 
longed field tests, have been convinced 
of nylon’s superior qualities and pro- 
portionately low price/life ratio. As a 
textle fibre, nylon is well known. 
Hosiery, industrial cloths, sheer dress 
fabrics, lingerie fabrics, and ropes, have 
ali helped to make nylon a household 
word throughout the world. Now it is 
making its mark as a moulded plastic, 
competing not only with other plastics, 
but with steel, brass, copper and other 
metals. 

Moulded nylon has been available in 
the United States for several years and 
to-day there are hundreds of applica- 
uons for nylon parts and components 
are produced on a large scale. Owing 
to the limited production capacity of 
the polymer manufacturers in_ this 
country, progress has been less rapid. 
However, a steady improvement is 
taking place and great advances are now 
being made with the introduction of 
nylon as a material for gears, bearings, 
textile machine parts, etc. British Ropes 
Limited—already well known for their 
pioneering of the use of nylon for rope- 
making; and for adapting nylon cloth 
to industrial applications such as filters 
and anode bags—are now manufactur- 
ing nylon mouldings in their Plastics 
Department at Leith, Edinburgh. 

Nylon is a thermoplastic material and 
may be re-heated and re-shaped many 
times although some of the physical 
properties are adversely affected if the 
re-cycling is carried out too frequently. 
Most thermosetting plastics have a 


Moulded nylon parts for automobile 
applications 


and general 
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MOULDED NYLON 


A Plastic Development with Great Potentialities 


Machinery parts moulded from nylon by British Ropes Ltd. 


service temperature of somewhere in 
the region of 180 F, but nylon does not 
soften until the temperature rises above 
300° F, and it melts at temperatures 
above 480 , which is generally higher 
than the charring point of most thermo- 
setting materials. 

Nylon parts are produced by the 
injection moulding process which con- 
sists, basically, in the application of heat 
to the moulding powder in an elec- 
trically heated cylinder until the 
material reaches melting point. At this 
stage it assumes the form of a viscous 
syrup-like liquid, which is then forced 
under considerable pressure (up to 
20,000 p.s.i.) into a precision mould 
which is usually of the highest grade of 
tool steel. On con- 
tact with the cold 
mould, the plastic 
nylon chills and 
resumes its solid 
form and assumes 
the shape of the 
mould cavities. 
After a brief cool- 
ing period the 
mould auto- 
matically separated 
and the finished 
products removed. 
The whole mould- 
ing cycle is gener- 
ally completely 
automatic and the 
overall cycle may 
be as short as 45 
seconds, but this is 
dependent on the 
section being pro- 
duced. 

This process is 
particularly —_suit- 


machinery 


able for the mass production of parts 
in bulk, and providing the quantities to 
be produced justify the initial mould 
cost, the moulded nylon parts compare 
very favourably in price with metal 
items which require individual machin- 
ing operations. ‘This is particularly 
noticeable in the case of moulded nylon 
gears. If the gear shape is a complex 
one a great saving is made by mould- 
ing, as the intricacy of form does not 
add to the moulding cost as it does to 
the machining cost. 

Nylon has many outstanding physical 
and mechanical properties, the most 
important being: 

Extreme toughness (especially at low 

temperatures). 

Abrasion resistance. 

Form stability at high temperatures. 

Strength in extremely thin sections. 


Lightness in weight (specific 
gravity — 1-14). 

Chemical resistance (except to strong 
acids). 


Non-inflammability. 

Low co-efficient of friction. 

The fact that nylon can be used at 
high speeds under light loads without 
lubrication has led to its wide use in 
the textile industry with considerable 
saving through elimination of damage 
to goods by oil contamination. For this 
same reason, nylon has found favour 
in the food handling and packaging 
industry. However, it should be under- 
stood that, as with any other bearing 
material, the generation of heat can be 
reduced by lubrication, the 
effectiveness of the lubricant will 
determine to a large degree the tem- 
perature which will be reached under 
certain conditions of speed and load on 
any particular piece of equipment. 
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Obviously, then, nylon should be 
lubricated when possible, but it is a 
virtue of nylon that it will operate 
more satisfactorily than other bearing 
materials under conditions of imperfect 
lubrication or even with no lubrication 
at all. 

The following figures, showing the 
comparison of the weight per cubic 
foot of nylon with a few of the more 
common metals, indicate that weight 
can be considerably reduced by chang- 
ing over to moulded nylon. 


Ib/cu ft. 
Nylon. 71 
Laminated plastics 84 
Aluminium 169 
Copper 530 
Brass 535 
Bronze 548 
Zinc 417 
Steel 488 
Cast iron 455 


From experience gained to date on 
nylon gears, it would seem that the 
ability of nylon to damp mechanical 
vibration in the audible spectrum will 
reduce to a minimum the noise in a 
train of gears. This is particularly 
desirable in motion picture and sound 
recording apparatus and is a great 


advantage in all types of household 
equipment such as mixing and washing 
machines. 

In general it has been found that the 
rate of wear on nylon gears is greatest 
at the start and decreases with further 


operation. The rate of wear seems 
to reach a minimum after about 
0-001/0-002 in has been removed from 
the surface of the nylon and it seems 
probable that in contact with steel and 
brass this is indicative of the amount 
of nylon which must be removed in the 
course of smoothing the metal suf- 
ficiently so that it does not cause further 
wear of the nylon. 

In most cases the co-efficient of 
friction decreases from the start up to 
about four hours and then remains 
constant—after this time the rate of 
wear frequently becomes negligible 
with a consequent unusually long 
service life. Nylon to nylon seems to 
give the best performance in gear 
trains, with nylon to steel almost as 
good and nylon to brass showing a 
poorer result. 

It is possible to machine moulded 
nylon in much the same way as other 
thermoplastics. Dissipation of heat is 
an important feature and the rate at 
which frictional heat can be reduced 
is usually the controlling factor in 
determining the speed at which 
machining can be performed. The 
ability of nylon to be machined often 
solves the problem of small quantity 
order or prototype experimentation, as 
blanks can be moulded to near-size 
from which the finished parts can be 
produced. 

With all the properties mentioned 
heretofore, it is not surprising that the 
field for nylon mouldings is considered 


NEW EXIDE BATTERIES 


unlimited and it would be quite impos- 
sible to list all the potential uses, but 
it is Opportune to mention a few of the 
proved applications as a guide to the 
potential user. 

Lock-nut inserts from nylon have 
largely replaced the fibre inserts 
previously used. 

Speedometer gears. A five-step oper- 
ation formerly employed in machining 
steel gears has now been replaced with 
a single operation in which the gear is 
moulded from nylon directly on to a 
steel shaft. Bend tests have shown that 
the nylon gears can withstand 100,000 
miles of operation at 80 m.p.h. without 
visible signs of wear. 

Coil formers of nylon are finding 
more and more favour in the electrical 
industry for many reasons. The ability 
to mould nylon into thin sections whilst 
still retaining a high degree of strength 
reduces both bulk and weight. The 
excellent heat resistance of nylon 
enables terminal blocks or lugs to be 
moulded into the former; this tends to 
eliminate breakage of wire leads in 
service. 

There is little doubt that there is an 
application for moulded nylon in prac- 
tically every industry and the Plastics 
Department of British Ropes Limited, 
Leith, Edinburgh, who have specialized 
in the moulding of nylon for the past 
three years, are always ready to investi- 


gate new uses and to give further 
technical information to prospective 
users. 


N entirely new range of heavy duty 
batteries for commercial vehicles 
has just been introduced by Chloride 
Batteries Ltd., Manchester. It is 
known as the Exide KHV series and is 
available in capacities ranging from 
81 amp-hr to 135 amp-hr in the 6 volt, 
and 67 amp-hr to 135 amp-hr in the 
12 volt sizes. 

The manufacturers claim that these 
new batteries have a starting perfor- 
mance of as much as 35 per cent better 
than that of many equivalent types 
commonly in use, they are less bulky, 
and up to a 20 per cent saving in weight 
by comparison with similar, more con- 
ventional units has been effected. They 
further state that exhaustive trials have 
shown that the KHV batteries will set 
new standards in trouble-free operation 
and working life, particularly under 
adverse conditions. All these charac- 
teristics, by giving faster engine crank- 
ing speeds and a greater reserve of 
power, will ensure quicker starting at 
low temperatures. This will be a great 
advantage to diesel operators. 

Furthermore, it will be possible to fit 
a heavy duty battery on those light 
commercial vehicles which hitherto 
have had to rely upon a car type. This 
will give the same capacity and starting 
performance as before, but from a bat- 
tery with greater robustness and longer 


life. ‘The high electrical efficiency and 
low weight and bulk of these batteries 
are atttained by the provision of a 
larger number of plates designed to 
work in conjunction with a new system 
of dual separation, comprising porvic 
plastics separators and glass wool 
retainers. Continuous research in the 
Exide laboratories has resulted not 
only in the development, for plate 


Exide KHYV battery with dual separation 
system 


grids, of the new lead alloy, CB.95, with 
a greater mechanical strength and 
resistance to corrosion, but also in 
improved active materials which give 
the new batteries better performance. 
Porvic as a separating material offers 
outstanding advantages over other 
types. Conventional separators are 
attacked chemically by the positive 
active material, causing excessive wear, 
and a resultant loosening of the internal 
assembly. This in turn allows the 
positive plates to buckle, thus leading 
to internal short circuits and premature 
battery failure. Besides being strong 
mechanically, Pervic is also immune to 
oxidation and acid attack even under 
conditions of severe over-charging; and 
a tight assembly is therefore main- 
tained throughout the life of the 
battery. Its porosity is over 80 per 
cent, with the result that the acid is 
freely absorbed by the new separators 
so that the battery may develop its full 
power instantaneously to supply the 
starter motor. The electrical resistance 
of this material is as low as that of the 
highest quality conventional separators. 
The manufacturers state that Porvic 
can withstand without deterioration 
higher temperatures than any other 
separator material, in fact it remains 
unaffected by temperatures which 
would ruin the plates themselves. 
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TIPPERS AND TRAILERS 


Recent Interesting Developments 


S may often be seen at a Com- 
A arc Vehicle Show, partly on 
account of small-scale manufac- 
ture and partly as a consequence of 
the widely varying purposes for which 
they are used, more ingenuity is shown 
in trailers in_ self-propelled 
vehicles. The rear axle of the Hands 
trailer is a good example. It has an 
ordinary rolled joist section as its beam 
and the two stubs are made with 
conical ends which are fitted into 
corresponding vee-shapes, flame-cut at 
each end of the web of the beam, and 
united by fillet welds on each side. The 
spring seats directly on the top flange 
of the joist, which is reinforced by 
vertical distance pieces welded immedi- 
ately below it. 
Another ingenious 
Hands trailer is the compensating 
mechanism for the rear brakes. These 
are operated from a flexible cable 
running centrally down the chassis and 
then curving down to one side to take 
an abutment inside a stirrup welded 
to a rod coupled to the pull-on 
expander of the Girling brake on one 
end of the axle. The inner member 
of the cable itself is attached to the 
other expander and on application the 
reaction on the abutment applies one 
brake while the pull of the cable works 
the other end and accurate compensa- 
tion is automatically obtained. 
Taskers of Andover produce an 
interesting semi-trailer with detachable 
rear bogie. This comprises a massive 
cross bar on which oscillate two box- 
section members carrying the stubs on 
the front and rear wheels on each side. 
The end of the frame hooks slightly 
over the cross bar and is held in posi- 
tion by two massive U-bolts embracing 
curved horns welded to the frame just 
ahead of the cross bar. It is only 
necessary to slack off the nuts on these 
a few turns until they and their clamp- 


detail of the 


Detachable bogie on Taskers 25-ton semi-trailer 


Axle stub welded to I-beam on Hands 
trailer axle 


ing plate can be moved clear of the 
horns when the frame can be jacked up 
clear of the cross bar and afterwards 
lowered to remove the load. 

Another neat, but not detachable, 
rear bogie is to be found on a Hands 
trailer in which the two axles are con- 
nected by inverted semi-elliptic springs. 
The central spring box oscillates 
between two vertical webs of a welded 
bracket and since any spring bolts 
between these webs would be very 
inaccessible for taking up any slack- 
ness, the spring is actualy retained in 
a completely embracing buckle with 
two opposing wedges on top drawn 
together by a bolt whose nut can easily 
be got at with a box spanner from the 
back. We note that in this instance 
all braking strains are taken by the 
ends of the leaf springs which are 
enclosed in a box containing a rubber 
mounting. 


Among interesting designs of trailer 
axle is one having a load rating of 
18,000 lb made by Rubery Owen and 
Co., Ltd. This followed the design 
employed for so many years on the 
Scammell mechanical horse in which 
the axle is made up of a Mannesmann 
tube with up-set flanges bolted to up-set 
stubs by a large number of small bolts 
which also secure the brake back- 
plates. In the case of the Scammell 
axles the spring seats are castings of 
weldable malleable iron and require no 
machining whatever before welding to 
the tube. Care is taken to interrupt 
the weld in the region of the top of the 
axle, this part being left to avoid over- 
heating a highly stressed part of the 
tube. 


Tipping bodies for rough work 

Until recent years most tippers built 
in this country were operated under 
reasonably easy conditions; a normal 
chassis frame with slight local stiffen- 
ing and telescopic ram or pair of rams 
at the body would work satisfactorily. 
Very large tippers are now being built 
for constructional work in this country 
and abroad, and operated under the 
most brutally severe conditions. As 
they may have to tip their full load 
with one of the back wheels sunk in 
soft ground, the design of tpping 
bodies and their attachments has 
received a great deal of consideration. 
The trouble is, of course, that the 
lateral displacement of the body and 
twisting of the chassis frame throws 
strains on the telescopic rams which 
they were never intended to take. 
Especially in the case of the large 
uppers, such as those by 
Scammell Lorries Ltd., the bodies 
themselves are enormously stiff in 
torsion. The main tank, which often 
has a slightly upturned rear instead 
of a door, is reinforced by large mem- 


Bogie on Dyson 15-ton lightweight semi-trailer 
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bers of channel section pressings 
wrapped round it with the tips of 
their flanges welded to the body shell. 

The vital point as far as the vehicle 
frame is concerned is to provide the 
maximum torsional stiffness between 
the body pivots at the rear and the 
region of the attachment of the rear 
springs and the axle, or axles. It is 
quite unnecessary to provide torsional 
stiffness ahead of this point because 
when tipping a load there is hardly 
any weight on the front springs and 
they make no worth-while contribu- 
tion to the stability of the vehicle. 

On a body made by the Telehoist 
concern the problem has been attacked 
by laterally stabilizing the body 
through a long triangulated stay with 
its two lower corners hinged to the 
chassis at a point well in front of the 
back axle and its apex pin-jointed to a 
slipper running up and down a rail 
welded to the bottom of the body. 

A similar effect is produced on the 
Bedford tipper by a stay consisting of 
two rectangular assemblies hinged 
together. Each rectangle is built up of 
steel pressings with cross bracing, 
which makes them torsionally very 
suff. This is a point of some import- 
ance. When not quite fully extended, 
the lower member is almost horizontal 
while the upper one is nearly vertical, 
and the arrangement can only give 
lateral stability if the lower half is 


Coupling gear on Karrier mechanical horse 


N an S.A.E. Preprint, June 1-6, 1952, 

D. F. Caris and R. A. Richardson 
claim that very substantial gains in fuel 
economy can be achieved by the use of 
an ideal engine-transmission §relation- 
ship. This is one in which the trans- 
mission will at all times keep the engine 
operating at that speed and throttle 
opening which give minimum specific 
fuel consumption for the particular 
horse-power required at the time. A 


family of fuel consumption § curves, 
described cross-section curves, 
showing specific fuel consumption 


plotted to a base of horse-power for 
various engine speeds, shows how an 
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Scammell tipper 


really suff in torsion. 

On the Scammell Mountaineer 
tipper, the rear of the frame is given 
great torsional stiffness by the incor- 
poration of an enormous tubular cross- 
member. ‘The telescopic ‘Telehoist 
rams are ball jointed to brackets on 
this member and on the body so that, 
whatever happens, no bending strain is 
imposed on the ram assembly. Inci- 
dentally, the Scammell Mountaineer 
has a body without a rear door and 
has, therefore, to be tipped to an angle 


ENGINE—TRANSMISSION RELATIONSHIP 


envelope curve can be drawn round 
the points of minimum consumption. 
With an ideal transmission, the engine 
will always operate at some point on 
this envelope and thus will seldom 
operate at a power factor much below 
70-80 per cent. The poor specific fuel 
consumptions normally associated with 
road-load running at low throttle open- 
ings will thus be eliminated. 

In a normal engine, working with 
the ideal transmission, it is claimed 
that the operation at high load factor 
will eliminate plug fouling and, to a 
large extent, combustion chamber 
deposits, thus adding ‘“ mechanical 


of about 75 deg to discharge its load. 
In that position the centre of gravity 
of the body, which includes a massive 
canopy to protect the driver’s cab, is 
well behind the wpping pivots. 
‘Towards the end of the tipping motion 
the body picks up a hanging lever 
attached to an hydraulic cylinder. This 
serves first as a cushion to check the 
last part of movement of the body and, 
secondly, when the control valve is 
changed over, operates to return the 
body by hydraulic power. 


octane numbers,” while the vacuum 
spark advance can probably be elimin- 
ated. Careful attention to valve timing 
is required to ensure good high-speed 
breathing together with solid low- 
speed performance. If high compres- 
sion ratios are to be used, it will be 
found that main bearings on each side 
of each crankpin are required for 
smoothness, that overhead valves are 
essential, and that a low stroke: bore 
ratio is desirable. It is shown that 
variation of stroke: bore ratio within 
the limits 0:71 to 1-33 does not affect 
economy. (M.1.R.A. Abstract No. 
5952.) 
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For every component from gear 
box to universal joint, accuracy is 
very essential. Smooth running and 
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pressings 
wrapped round it with the tips of 
their flanges welded to the body shell. 

The vital point as far as the vehicle 
frame is concerned is to provide the 


bers of channel section 


maximum torsional stiffness between 
the body pivots at the rear and the 
region of the attachment of the rear 
springs and the axle, or axles. It 1s 
quite unnecessary to provide torsional 
stiffness ahead of this point because 
when upping a load there is hardly 
any weight on the front springs and 
they make no worth-while contribu- 
tion to the stability of the vehicle. 

On a body made by the Telehoist 
concern the problem has been attacked 
by laterally stabilizing the body 
through a long triangulated stay with 
its two lower corners hinged to the 
chassis at a point well in front of the 
back axle and its apex pin-jointed to a 
slipper running up and down a rail 
welded to the bottom of the body. 

A similar effect is produced on the 
Bedford tipper by a stay consistung of 
two rectangular assemblies hinged 
together. Each rectangle is built up of 
steel pressings with cross bracing, 
which makes them torsionally very 
suff. This is a point of some import- 
ance. When not quite fully extended, 
the lower member is almost horizontal 
while the upper one is nearly vertical, 
and the arrangement can only give 
lateral stability if the lower half is 


Coupling gear on Karrier mechanical horse 
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[N an S.A.E. Preprint, June 1-6, 1952, 
D. F. Caris and R. A. Richardson 
claim that very substantial gains in fuel 
economy can be achieved by the use of 
an ideal engine-transmission §relation- 
ship. This is one in which the trans- 
mission will at all times keep the engine 
operating at that speed and throttle 
opening which give minimum specific 
fuel consumption for the particular 
horse-power required at the time. A 


family of fuel consumption § curves, 
described cross-section curves, 
showing specific fuel consumption 


plotted to a base of horse-power for 
various engine speeds, shows how an 


envelope curve can be drawn round 
the points of minimum consumption. 
With an ideal transmission, the engine 
will always operate at some point on 
this envelope and thus will seldom 
operate at a power factor much below 
70-80 per cent. The poor specific fuel 
consumptions normally associated with 
road-load running at low throttle open- 
ings will thus be eliminated. 

In a normal engine, working with 
the ideal transmission, it is claimed 
that the operation at high load factor 
will eliminate plug fouling and, to a 
large extent, combustion chamber 
thus adding mechanical 


deposits, 


octane numbers,” while the vacuum 
spark advance can probably be elimin- 
ated. Careful attention to valve timing 
is required to ensure good high-speed 
breathing together with solid low- 
speed performance. If high compres- 
sion ratios are to be used, it will be 
found that main bearings on each side 
of each crankpin are required for 
smoothness, that overhead valves are 
essential, and that a low stroke: bore 
ratio is desirable. It is shown that 
variation of stroke: bore ratio within 
the limits 0:71 to 1-33 does not affect 
economy. (M.I.R.A. Abstract No. 
5952.) 
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bers of channel section pressings 
wrapped round it with the tips of 
their flanges welded to the body shell. 

The vital point as far as the vehicle 
frame is concerned is to provide the 
maximum torsional stiffness between 
the body pivots at the rear and the 
region of the attachment of the rear 
springs and the axle, or axles. It is 
quite unnecessary to provide torsional 
stiffness ahead of this point because 
when tpping a load there is hardly 
any weight on the front springs and 
they make no worth-while contribu- 
tion to the stability of the vehicle. 

On a body made by the Telchoist 
concern the problem has been attacked 
by laterally stabilizing the body 
through a long triangulated stay with 
its two lower corners hinged to the 
chassis at a point well in front of the 
back axle and its apex pin-jointed to a 
slipper running up and down a rail 
welded to the bottom of the body. 

A similar effect is produced on the 
Bedford tipper by a stay consisting of 
two rectangular assemblies hinged 
together. Each rectangle is built up of 
steel pressings with cross bracing, 
which makes them torsionally very 
suff. This is a point of some import- 
ance. When not quite fully extended, 
the lower member is almost horizontal 
while the upper one is nearly vertical, 
and the arrangement can only give 
lateral stability if the lower half is 
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really suff in torsion. 

On the Scammell Mountaineer 
tipper, the rear of the frame is given 
great torsional stiffness by the incor- 
poration of an enormous tubular cross- 
member. ‘The telescopic ‘Telehoist 
rams are ball jointed to brackets on 
this member and on the body so that, 
whatever happens, no bending strain is 
imposed on the ram assembly. Inci- 
dentally, the Scammell Mountaineer 
has a body without a rear door and 
has, therefore, to be tipped to an angle 


Coupling gear on Karrier mechanical horse 


of about 75 deg to discharge its load. 
In that position the centre of gravity 
of the body, which includes a massive 
canopy to protect the driver’s cab, is 
well behind the tipping pivots. 
Towards the end of the tipping motion 
the body picks up a hanging lever 
attached to an hydraulic cylinder. This 
serves first as a cushion to check the 
last part of movement of the body and, 
secondly, when the control valve is 
changed over, operates to return the 
body by hydraulic power. 
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N an S.A.E. Preprint, June 1-6, 1952, 

D. F. Caris and R. A. Richardson 
claim that very substantual gains in fuel 
economy can be achieved by the use of 
an ideal engine-transmission relation- 
ship. This is one in which the trans- 
mission will at all times keep the engine 
operating at that speed and throttle 
opening which give minimum specific 
fuel consumption for the particular 
horse-power required at the time. A 
family of fuel consumption curves, 
described cross-section curves, 
showing specific fuel consumption 
plotted to a base of horse-power for 
various engine speeds, shows how an 


envelope curve can be drawn round 
the points of minimum consumption. 
With an ideal transmission, the engine 
will always operate at some point on 
this envelope and thus will seldom 
operate at a power factor much below 
70-80 per cent. The poor specific fuel 
consumptions normally associated with 
road-load running at low throttle open- 
ings will thus be eliminated. 

In a normal engine, working with 
the ideal transmission, it is claimed 
that the operation at high load factor 
will eliminate plug fouling and, to a 
large extent, combustion chamber 
deposits, thus adding “ mechanical 


octane numbers,” while the vacuum 
spark advance can probably be elimin- 
ated. Careful attention to valve timing 
is required to ensure good high-speed 
breathing together with solid low- 
speed performance. If high compres- 
sion ratios are to be used, it will be 
found that main bearings on each side 
of each crankpin are required for 
smoothness, that overhead valves are 
essential, and that a low stroke: bore 
ratio is desirable. It is shown that 
variation of stroke: bore ratio within 
the limits 071 to 1-33 does not affect 
economy. (M.I.R.A. Abstract No. 
5952.) 
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Capacity : 2 in. dia. hole through spindle. 
16 in. dia. swing over stainless 
steel bed covers. 


Spindle: Mounted in ball and roller 
bearings. 


Powerful metal-to-metal cone clutches 
transmit power through ground 
gears. 


Ward machines are designed and built 
to get the best out of tungsten carbide, 
their metal removing capacity being 


: —— “\ limited only by the cutting tools used. 


SELLY OAK (@) BIRMINGHAM 29 
TELEPHONE ELLY OAK 1/3! 


ws44 


KENDALL € GENT 


VICTORIA WORKS GORTON 
MANCHESTER 
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MACHINING 


Our Die Cast Iron Bar was introduced 
to meet a very real need in many industries— 
and its advantages particularly appeal to those 
engaged in the Automobile, Machine Tool and 
Textile Machinery trades. Because it is free from 
blow holes and inclusions (unlike Sand Cast Iron Bar), it is 
especially advantageous where lengthy or intricate machining 
operations are involved, as the possibility of rejects is 
materially reduced. The fact that it is supplied rough machined, 
results in further economies in machining cost and time. This 
Die Cast Iron Bar has a wide range of uses, and is specially 
recommended for the production of Bushes, Gear Blanks, Pump 
Rotors, Pump Rams, Cams, Couplings, Sprockets, Gears of all 


types, etc. 


% Delivery Ex-Stock. 


Write TODAY for full particulars and technical data to :— 


HAROLD ANDREWS 
GRINDING CO., LTD. 


BRISTOL ROAD, BOURNBROOK, BIRMINGHAM, 29. 


Telephone: SELly Oak 1128-9-0, and at MANOR WORKS, 
MANOR LANE, HALESOWEN. Telephone: Halesowen 1181-2 
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GUARANTEED SOUND RIGHT 
THROUGH—FREE FROM 
BLOW HOLES & INCLUSIONS. 


CLOSE GRAINED i.e. IT TAKES 
A GOOD FINISH. 


FREELY MACHINABLE. 


IT 1S SUPPLIED ROUGH 

MACHINED, THEREBY RE- 

DUCING YOUR MACHINING 
TIME & COST. 


AVAILABLE IN A WIDE RANGE 

OF SIZES :— UP TO 2}” DIA., 

IN LENGTHS UP TO 6 FT.: 

FROM 24” TO 64” DIA., 

IN RANDOM LENGTHS FROM 
18” TO 24’, 


COMPETITIVE IN PRICE. 
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Tested ana recommended by the 
Ministry of Supply (MVT Branchj 
Ref. No. VG.6/300/FIR for export 
to tropical countries. 


OSOTITE — the modern 
scientific sealing which has 
been proved by rigorous tests 

to be the perfect jointing for 
smooth surface and screw 
unions. OSOTITE is a simply 
applied, liquid compound, im- 
pervious to heat, petrol, oil, 
grease, water and steam which 
ensures in a few minutes a 


HIGH PRESSURE GAS, AIR or WATER-TIGHT JOINT. 


Pn ODUCT Write for full details and prices to : 
LIMITED 


RD ROAD, WADDON, CROYDON, ENGLAND | 


3171-2 Cables: SLICKBRA, SOUPHONE, LONOON 


elect a type 


uve will help you § 
your 


Our catalog 
most suitable to 


and size of chuck 
own needs. 


Write for your COPY today. 


J. H. HUMPHREYS & SONS, BLACKRIDING ELECTRICAL WORKS, WERNETH, OLDHAM. PHONE: MAI 1651. 
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“‘Newallastic’’ bolts and studs have qualities which are absolutely unique. 
They have been tested by every known device, and have been proved to 
be stronger and more resistant to fatigue than bolts or studs made by 


the usual method. 


ARK GLASGOW 
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But CAN HAVE 
the many benefits 


DRAUGHT EXCLUDERS 
HIDEM BINDINGS 
WING PIPINGS 
WELTINGS ETC. 


H. G. GRAHAM & SON LTD. 


CAMCOL HOUSE, DORRINGTON STREET LEEDS 2 


Factories 


19/21, DORRINGTON STREET 


and PERSEVERANCE mitts, | LEEDS 
22841 (2 Lines) 
(# 
London Office 
30. Leysian Buildings. 112, CityRd EC 1 
Telephone Clerkenwell 9130 


KA 
Resident Representative :—- Mr. D. A. ATKIN, 9, Queens Road, Coventry. Tel.: 5038/9. . 2939 


INDUSTRIAL 


FURNACES —OvVENS 


Funditor Electric Furnaces are used for the efficient Funditor Electric Ovens assure maximum thermal 
t melting of any metal up to a temperature of 950 F. efficiency, and Automatic Temperature Control, for all 
Heavy-duty elements around the crucible give uniform heat processing up to a temperature of 575 F. 
heat distribution. Correct heating, within fine toler- Forced air circulation can reduce certain process times 
ances, assured by Automatic Temperature Control, by 50°,,, or natural circulation may be employed. 
Efficiency combined with complete safety results in Ovens designed to permit wide variation of the stan- 
maintenance of accurate mel- dard range to suit individual 


ting points and subsequently temperature and capacity . 
perfect casting requirements. 
: 


ood PUT 
tor 


echnical 


Funditor Ltd 


3, WOODBRIDGE STREET, LONDON, E.C.1 
CLErkenwell 61!5/7 


RE-METALLING - BABBITTING - SOLDERING CURING - DRYING 
TINNING - DIPPING ETC. BAKING - PRE-HEATING ETC. 
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Royal Enfield are making sure 
with HARPER quality 


The engine of the Royal 

Enfield “500 Twin” motor- 
cycle in standard trim develops 25 B.H.P. at 
5,750 R.P.M. and can reach 7,000 R.P.M. The 
crankshaft is a Harper casting. The Enfield 
Cycle Co. Ltd. say: “The excellent machining 
properties of the material, together with its 


mono-bloc construction, make this a much 
simpler production proposition than a built-up 
crankshaft, besides ensuring that it runs dead 


true at all times.” 


Harper quality covers iron castings, and also 
metal pressings, machining, enamelling and TI . 


other finishes and sub-assembly work. 


JOHN HARPER & CO. LTD. JOHN HARPER (MEEHANITE) LTD. 
ALBION WORKS Phone: WILLENHALL 124 (5 lines) Grams: HARPERS, WILLENHALL WILLENHALL 


LONDON OFFICE: SEAFORTH PLACE, 57, BUCKINGHAM GATE, LONDON S.W.1_ Tel.: TATE GALLERY 0286 
H. 314 
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There are two kinds of interest. The one—what one gets periodically in pecuniary gain 
from an investment. ‘The other—what one gives constantly in practical service to one’s 
customers. Our own experience is that the latter type of “interest” can, paradoxically 
create a “capital sum” in terms of increasing goodwill and friendship amongst one’s 
customers, thereby leading to ever-increasing growth of business. 

After all, we are all human, and mutual trust and friendship is a priceless asset in 
successful business. 


PRESS & DROP FORGINGS 


SOUTH WALES FORGEMASTERS LTD 
GARTH WORKS © TAFFS WELL CARDIFF 


"Grams: FORGEMASTERS.” TAFFS WELL ‘Phone: TAFFS WELL 41/2 


NEW UNIVERSAL NIBBLE SHEARING MACHI 


MODEL H.7. Cutting Capacity 42” M.S. 
MODEL H.5. Cutting Capacity 4” M.S. 


Fully universal—for straight cutting—circle cutting 
— beading —folding —joggling — profile cutting — 
nibbling—slot cutting—louvre cutting, etc., when 
fitted with suitable tools. 


Strong fabricated steel construction. 


Working parts run in oil bath on ball and needle 
bearings. 


Speedy, efficient and simple to operate. 


Completely self contained with adjustable spot 
light. 


Deep throat provided on each model. 


Sote 


WARD LTD 


TELEPHONE : 26311 (22 LINES) TELEGRAMS “FORWARD, SHEFFIELD” 


SM/16 
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Why YOU 
should fit 
the M.M.D. 


Clevis ... 


A POSITIVE GEAR CHANGE LINKAGE 
Positive linkage allows a more positive gear change 
and the M.M.D. Spring Loaded Clevis Joint 
is the perfect solution to the problem of 
“sloppy ’’ remote control gear change assemblies. 
Wear, slack and rattle on all mechanically 
operated linkages, can be eliminated 
throughout the life of the car, with the aid of 
this rationalized clevis design. Available 


to suit all requirements of the Motor Industry, 


Photograph by courtesy 
The Standard Motor Co., Ltd 


MIDLAND MECHANICAL DEVELOPMENTS LTD. 


PARKER STREET WORKS PARKER STREET BIRMINGHAM 16 
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HIGH SPEEW 
AUTUMATICS 


Modern machinery and mass 


production methods give you top 


quality capstan and automatic 
work and sheet pressings 
at a price you are sure 


to like—and on time. 


GRIFFITHS, GILBART, LLOYD & CO. LTD. 
EMPIRE WORKS - PARK ROAD: BIRMINGHAM 18 
Telephone : NORthern 6221. 


¢- 


ILGHMANS: 


WHEELABRATOR 


Registered Trade Mark. 


TUMBLASTS 
in production on the ff 


VANGUARD 


This battery of WTB2A Tumblast Machines 
is installed in the Coventry Factory of the 
Standard Motor Co. Ltd. for cleaning 

miscellaneous castings, forgings, etc., prior 


TILGHMAN’S PATENT SAND BLAST Lt° 
BROADHEATH - NR. MANCHESTER - ENGLAND 


LONDON OFFICE: 


BRETTENHAM HOUSE ~- LANCASTER PLACE ~- STRAND, W.C.2 


AGENTS : 
MIDLANDS : SCOTLAND : 
R. J. Richardson & Sons, Led Balbardie Led. 
w.2 Commercial Street, 110, Hanover Streec, 
BIRMINGHAM, 1 EDINBURGH. 
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A GIANT KIRKSTALL BOGIE 


GROSS VEHICLE WEIGHT 85 TONS TWIN 14’ TYRES 
WEIGHT ON BOGIE TYRES 35 TONS OVERALL WIDTH 10’ 3’ 


KIRKSTALL FORGE ENGINEERING LTD 
LEEDS 


Telephone: Horsforth 2821 
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Specialists in the production of 
carbon and alloy steels for the 
manufacture of ball & roller 
bearing races— gear wheels 
—crank shafts—springs, etc., 
used thoughout the automobile 
industry. 


ANDREWS 
TOLEDO 


SHEFFIELD - ENGLAND 


the cars... 


VAUXHALL MOTORS LTD have 
recently installed at their Luton factory four Metrovick 
Infra-Red ovens, arranged as two pairs. The first oven 
dries moisture off the car after water spraying and 
takes only FOUR MINUTES; the second oven dries any 
spotting of cellulose paint necessary before the finished car 
leaves the factory. The drying time in this oven is about 
THREE MINUTES. 


The basic element projector, shown below, is made in 
standard sizes, 18 in. 24 in. and 36 in. long, and special 
lengths can be supplied. The source of radiant heat is the 
Metrovick tubular-sheathed heating element, an industrial 
adaptation of the successful ‘* Redring ” domestic element. 


Our Heating Element Department will be glad 
to discuss your heating problems, and the 
demonstration rooms at Trafford Park, 
Manchester and 132/135 Long Acre, London 
are open for inspection and the actual testing 
of samples. Send for Descriptive leaflet 703/7-1 


METROPOLITAN-VICKERS ELECTRICAL CO. LTD., TRAFFORD PARK, MANCHESTER 17 
Member of the A.E.1. group of companies 


METROVICK Infra-Red equipment turns hours into minutes 


L/S201 
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INDUCTION 
HEATING 
DIVISION 


he *“‘machine tool” 


approach 


BIRLEC automatic high frequency 
induction heating machines can be 
supplied for hardening the teeth of 
certain types of gear-wheels, greatly 
reducing distortion and surface defects. 


Alternative methods provide for hardening :— 
(a) the complete tooth 
(b) the tooth contour 
(c) the flanks and root only. 


The installation may be placed directly in 
the machine line and gives rapid, uniform 
production without skilled operation. 


BIRLEC LIMITED 
ERDINGTON BIRMINGHAM 24 


Sales and service offices in LONDON, SHEFFIELD and GLASGOW 
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its all part 
of the... 


GIRLIN 


_THE BEST BRAKES IN THE WORLD 


BRAKE SHOE 
REPLACEMENT 


thereisa LOCAL 
GIRLING SERVICE AGENT 


to keep your car.... 


WAY OUT AHEAD 


KINGS ROAD TYSELEY BIRMINGHAM 11 
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at all stages of manufac- 


ture ensures a trouble 


free product. . . . the 

reason why most manu- 

: q es facturers use High Tensile 
|) Cylinder Head, Gear Box 
and other Studs made 
— by 


YARWOOD INGRAM. 


PARKER ST. BIRMINGHAM. 


TELEPHONE: EDC baston.3607. 


16 


every 


ngineers cutting 
“machining job. Manufactured from the world 
famous “ MUSHET ” Brands of High Speed Steel. 

R . “Mushet Brands — your guarantee of 
good cutting, slow wearing and excellent quality 
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..-CHASSIS FRAMES 
SAID THE HORSE 


WHEELS... 
SAID THE TRAINER 


TRAILERS... 
SAID THE OWNER 


... IMPLEMENTS 
SAID THE JOCKEY 


AND THE TIP WAS 


Sankey oF wettincTon 


JOSEPH SANKEY & SONS LIMITED: HADLEY CASTLE WORKS WELLINGTON - SHROPSHIRE 
TELEPHONE: 500 WELLINGTON: TELEGRAMS: SANKEY WELLINGTON 
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PLASTICS 
in the 


Highway mode 


It isn’t our metier to 
discuss a 2 litre 
Or chew 
Over speed that’s fantastic, 


Though we don’t rule the roost 
In the realms of power boost 
We are certainly gen men 

On plastic. 


For in yesterday's cars 
And more so today, 
You'll find plastics playing 

their part 

Just look at that Dash 

And the Ash Tray to match 
And that Rear-light 

Indubitably smart! 


Gear-lever handles, 

Lamp lenses and housings, 

Ignition sets, 

Horn buttons and Gaskets, 
Accumulator cases with 

black shiny faces 

All efficiently moulded 

In Plastics. 


So switch on the radio, 
Take hold of the wheel, 
(Plastic again you will see) 
And if your Auto suggestions 
Involve moulding questions 

Why not consult us — 


It’s free! 


FOR PLASTICS CONSULT... 


Xe Send for our fully illustrated 
brochure entitled ‘ Plastics for Industry’ 


Members of the British Plastics Federation 


—€. K. COLE LTD. SOUTHEND-ON-SEA ESSEX 
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Where Austin’s 
use Permacel 
Adhesive Tapes 


Photo in the Austin Service Dept 
Like so many famous firms the Austin Motor Company Ltd. 
find Permacel Masking Tapes ideal for every job which has 
to be masked for spraying or protected during transit. 
Permacel Masking Tapes adhere instantly—and firmly. They 
strip easily and absolutely cleanly. To make quite sure of 
this, Permacel Crepe Paper Masking Tapes are ‘Double- 
Bonded’. This Johnson & Johnson process employs a 
special varnish which locks the adhesive permanently to the 
hacking material. Permacel Tapes. therefore, never ‘peel’. 


They the simplest and most irregular contours. Thes 
negotiate the trickiest curves with ease. They take the 
rough with the smooth. They are immune to attack by the 
chemicals and solvents normally used in paints and dopes. 
\dd all these points together, and you will see immediately 
that Permacel is a most efficient Tape. 


For samples and quotations write to 
(GT BRITAIN) LTD SLOUGH, BUCKS 
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Separate Processes, in the 


Famous Ranges — * Parkerizing’’ * Bond- 
erizing,’’ ‘* Spra-Bonderizing *’ Parco- 
Lubrizing,’’ covering 


Distinct Spheres of Application — in 
Bonding Paint and Adhesives, Resisting 
Corrosion, Assisting the Cold Working 
of Metals, in over 


Plants throughout the british Isles 
including more than 


Fully Automatic and Mechanically 
Operated Machines. from which we have 


gained — 


Years Wide, Varied, Unequalled Ex- 
perience. 


: ee | Our unrivalled knowledge of Phosphate processes, consolidated by long 
experience, and including the latest information on American and other foreign 
practice is entirely and immediately at your disposal. Let us give you the practical 
and economic solution to your own Metal Finishing Problems. 


Our Telephone number is 


THE PYRENE COMPANY LIMITED, METAL FINISHING DIVISION, GREAT WEST RD., BRENTFORD, MIDDLESEX 


AUTOMOBILE ENGINEER, February 1953 


| are t Out fy 
7 
+ 
\ 

= 

> 
‘TOTAL AMOW- HOW 
107 


When the problem is 
sealing, consult 


C 0 fi E $ mechanical 


jointing engineers with 45 years of continuous 
research and practical application behind them 


CASKETS 
WASHERS 


AND SHIMS 


COOPERS.. 


ERPOOL RD- BUC 
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Cary springs, made for all s of road vehicles—from the private 
car to the heavy lorry—are of the highest quality and incorporate 
the skill and experience of over 100 years of spring making. 


For the quantity production of coil springs for car suspension a 
modern factory has been equipped with facilities of the latest type 
including centreless grinding shot peening and crack detection. 


WILLIAM. E. CARY Ltp. 


RED BANK + MANCHESTER 
Telephone: BLAckfriars 5691/6 
Telegrams: Carybank, Manchester 
3 Also at 
—_—— SALFORD, GLASGOW, LONDON & COVENTRY 
ma 300 


Carobronze thin-walled 
tubing for thin-walled 
small-end bushes 


— of course 


ECONOMY IN METAL 
@ ECONOMY IN MACHINING 


combined with 


@ HIGH LOAD CAPACITY 
MAXIMUM RESISTANCE TO WEAR 
@ EXCELLENT PHYSICAL PROPERTIES 


CAROBRONZE BRAND COLD DRAWN 
PHOSPHOR BRONZE TUBING 


CAROBRONZE LTD. Telephone : 
School Road, CHIswick 0245 
Belmont Road, Telegrams: 


London, W.4. Carobronce-Chisk, London 
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1 Comprehensive Design and 
Technical Advisory Service 


ERE is a Service 

designed to save you 
time, trouble and money 
when you are contem- 
plating the production of 
new lines, or improvements 
to existing products which 
incorporate Forgings or 
Pressings. The technicians in our Design and Technical Advisory Department 
are fully qualified to deal with the varied applications of Forgings and 
Pressings in all industries, and are experienced and equipped to help you 
at all stages in the selection of material, in designing, heat treatment, 
etc., etc. Make use of their services whenever the need arises — and, when 
you need Forgings or Pressings of precision quality at reasonable prices, we 
should welcome the opportunity of quoting. 


FORGINGS 


FORGINGS & PRESSWORK LTD., BIRCH ROAD. WITTON, BIRMINGHAM, 6 Telephone: EAST 1262/5 
Hilton 
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x IN ALL METALS 


As specialists in the production of precision 
pressings for the leading automobile and 
commercial motor manufacturers we are 
well equipped to handle all your 
requirements. 


ALE.JENKS & CATTELL 
imited 


PHOENIX WORKS - WEDNESFIELD 
WOLVERHAMPTON 


Fenner V-Belt Drives 
Belts in all Sections 


At every point of the compass 
FENNER V-BELT SERVICE is avail- 
able to you. In addition to the 

wide range of V-Belts and pulleys 
in stock at our branches we have 
added TAPER-LOCK —the simplest 

mechanism ever devised for positively 
fixing pulleys to shafts. Taper-Lock 
bushes eliminate keys and keyways. 


JH.FENNER & HULL,YORKS. 


HIGH GRADE 


OR TURNED 
ROM BAR. 
ND 
RECISIG@ 


OF 
TANDARD 


BOLTS, NUTS 


SCREWS 


ENCLEFIELD ROAD, LONDON, ! 
“Phone. CLISSOLD 0643 (4 lines) “Grams: BEAUVOIR, NORDO, LONDON. 
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this... 


. component of mild steel was pro- 
duced in 22 seconds on the Petermann 
P. 4, illustrated, and is but one example 
of the many components for which 
Petermann Automatic Precision Lathes 
are ideal. 


Adjustable speeds 3,050 
r.p.m. 


12,200 


Capacity up to 43” dia. 1-57” 
long. 


Six tools in independent holders. 


Headstock controlled by cams 
and adjustable followers. 


Screw head slotting attachment 
can be used. 


Other Petermann models 
available. 


COVENTRY ROAD, SOUTH YARDLEY, BIRMINGHAM, 


& CO.LTO 


ALSO. AT LONDON, MANCHESTER, GLASGOW AND NEWCASTLE-ON-TYNE 


‘No 
castings ese... 


they're WHITEHEART Malleable IRON 
CASTINGS . . . prime products of a 
first-class foundry. Superlatively 
moulded and sound as they 
come. Let us have your 
enquiries, 


WIGGIN 


WH ITEHEART 
palleable 


IRON CASTINGS 
J. & J. WIGGIN LTD. 


Woodhall St., Bloxwich 
STAFFS. 


“O47 Dea Recep 
| 
a 
: 
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LEADING MOTOR MANUFACTURER 


invites applications for the following 


* SENIOR x 
EXECUTIVE POSITIONS 


Chief Designer. 
2. Section Leaders and Senior Designers 
for both Cars & Commercial V ehicles:- 
(a) Engines. 
(b) Chassis. 
(c) Bodies. 


Research and Experimental 
Engineer, 


Works Manager. 
Chief Inspector. 


Senior Supervisors :- 
(a) Engine Shops. 
(b) Chassis Machine Shop. 
Body Department. 


Obviously the Company cannot disclose 
their name at this stage, but any applica- 
tions received from members of their own 
Staff will be welcomed. 

All applications will be treated in the 
strictest confidence. 

When an appointment requires a change 


of residence assistance will be given. 


Write: 
J. W. VICKERS & CO... LTD... BOX 85. 
7-8, Gr. WINCHESTER STREET. 


Lonpon, E.C.2. 


SERVICE 
WRENCHES 


AMERICAN 
AND METRIC SIZES 


AUTOMOBILE 


The Most Positive 
Worm Drive 

he slots are pierced right 

through the band, thus 

affording the worm or. 
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At PBM again a new factory extension enables us to 
increase output. PBM castings are supreme in quality 
and efficiency. Now, machining of quality—for which 
PBM is renowned—is again available. 

We invite you to inspect our new facilities for increased casting, 
machining and assembly to customers specifications. We shall 
be glad to learn of your intention to call—telephone Great 
Barr 1794 and fix an appointment to see our works. 


ASSEMBLED 
AS ONE UNIT 


“SHAKEPROOF” 


MHOUNCE 


SEMS costs by eliminating expensive hand assembly methods, 
Pick up a SEMS and drive it, only one unit to handle, 
Reg stered Trade Mark 


PRE-ASSEMBLED WASHER & SCREW UNITS 


Pre-assembled washer and screw units cut assembly 


it isas good as a third hand. You can’t forget the washer 
and are sure it’s the right type, size and finish for the 
job. No washer losses and SEMS save driving time, 


inspection, buying, stock-keeping and all handling time. 


THE “ SHAKEPROOF " LOCK WASHERS USED ON SEMS ARE MANUFACTURED BY BARBER AND COLMAN LTD., BROOKLANDS, MANCHESTER 
SEMS ARE AVAILABLE TO BRITISH INDUSTRY FROM :—acToN BOLT LTD., CHASE ROAD, ACTON, LONDON, N.W.10 


GUEST KEEN & NETTLEFOLDS (MIDLANDS) LTD., BIRMINGHAM 18 e L.H. NEWTON & CO. LTD., 
NECHELLS, BIRMINGHAM 7 e LINREAD LTD., STERLING WORKS, COX STREET, BIRMINGHAM 3 
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introduce 


TWO NEW 


B.1681 VISIBLE 
FILTER 


FOR COMMERCIAL 
VEHICLES 


A line filter with a 4” B.S.F 
« $4” long stud fixing at the 


top for fitting to a bulk- 
head, witha bracket whichis 


\ supplied with each unit. 

Ref Pipe Union 

No Size Type 

B1681A 3° Solderless 

20 [- 7 B1681B  Soldered 


RETAIL 


1124 VISIBLE 
FILTER 


FOR VEHICLES & 
STATIONARY 
ENGINES 


A line filter with a fixing lug with 
hole for 4” bolt 

Ref Pipe Union 

No Size Type 


1124A i700 Solderiess 
11248 4° OD Solderiess 
124C) OD Soldered 
1124D 4° O Soldered 


Order through your local garage, but if you have 
any difficulty, contact the manufacturers :— 


BENTON & STONE LTD., ASTON BROOK STREET 
BIRMINGHAM 6 
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manufacturers and body builders at home and abroad, 
have proved that plastic materials survive the severest 
tests. Whether as standard fittings used as wheel arch 
pipings or specially designed joint mouldings our sections 
are guaranteed to meet your particular requirements. 
Extrusions are our business — not just a department. 


C. & C. MARSHALL LTD. 


PLASTRIP HOUSE 
OAKLEIGH ROAD NORTH, LONDON, N.20 


Telephone: Hillside 5041 (3 lines) Cables: Tufflex, London 
Telegrams: Tufflex, Norfinch, London 


PRESSWORK AND ASSEMBLY 


BLANKING, DEEP DRAWING, WELDING 


Blanking up to 24” « 18”. Drawing up to 8” depth. 


All types of presswork up to 200 tons capacity. 


SAMUEL GROVES & Co. Lp. 


MUSGRAVE ROAD, HOCKLEY, BIRMINGHAM, 18 


Telegrams : 
Sevorg, B'ham 


Telephone: 
NORthern 3634/5 
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A robust 7” centre lathe 
for production or general machine shop 
service. Specification includes :— 


1. INVERTED VEE AND FLAT 
GUIDES. 

2, DIAGONALLY BRACED 
BED. 

3. SINGLE LEVER SELECTION 
OF SLIDING & SURFACING 
FEEDS. 

TENSION MOUNTED 
LEAD SCREW WITH BALL 
THRUSTS. 

. HEAT TREATED NICKEL- 
STEEL GEARS ON MULTI. 
SPLINED SHAFTS. 
NORTON QUICK-CHANGE 
OR THREE-FEED TYPE 
GEAR BOX. 

. SEPARATE VEE GUIDES TO 
SADDLE AND TAILSTOCK. 


Write for descriptive booklets on the 
MERCHANTS WM 170 Junio P d the WM85 8)” Complete spec ification The WM 70 Junior is popular because of 
SUPPLIED on request. its economy of operation, accuracy 
Centre Lathe. and reliability. 


WOODHOUSE MITCHELL 


(PROPRIETORS + THO! W. WARD LTD) 


“PHONE. BRIGHOUSE 627 Glines)- WAKEFIELD RD. - BRIGHOUSE - GRAMS WoopHoust. BRIGHOUSE’ 


Light weight and high 


reflectivity are the main 
characteristics which 
encourage the use of 
aluminium alloy castings 
in this Infra-red 

Tunnel built by Ray-Heet 
Infra-Red Ltd. 

The use of a light yet 
robust body allows for 
the minimum supporting 
structure and the high 
reflectivity re-directs 
stray radiation back into 
the 70’ long tunnel which 


Photo ‘+ courtesy Ford Motor Company Ltd 


William Mills Ltd bakes the paint on the 


Specialists for over 50 years in the Fordson Major 


ALUMINIUM ALLOY CASTINGS Tractor in 16 minutes. 


WILLIAM MILLS LTD. FRIAR PARK FOUNDRY, FRIAR PARK ROAD, WEDNESBURY, STAFFS. 
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engineers prefer 


KIRKSTALL 


CARBON & ALLOY IN ALL STANDARD 
SECTIONS. ALSO SUPPLIED, FULLY HEAT 
TREATED, TO ENGINEERING SPECIFICATIONS. 


HORSFORT 


for a sure way out 
of a fixing problem 


fit WOW OV. bor 


CARR FASTENER CO. LTD. 
Stapleford, Nottingham. Tel: Sandiacre 2234 
Also: London, Birmingham, and Manchester 


| 
\ 
ij 
ee mee 5 - TEL. 2821 
Ariel 
ED 
RCA 
SAW 
TOMATIC 
se 
| 
inishes 
Metals tig 
Rivet 
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EFFICIENT 


COOLING | 


for 


every form of 


—_ 


BB 


transport 


connected with heat exchang 


(A subsidiary company of Imperial Chemical Industries Ltd.) 


LEEDS tel: teeds 47351 


Grinding has grown up! 


_. Grinding five diameters 
on shaft of case- 
hardening steel using a 
Churchill PlainExternal 
jj. Grinder. The peri- 
pheral. speed the 
26 x3 grinding wheel 
is 5000 ft/min, FILEDGE 
1:30 mixture being the 

coolant. 


CUTTING FLUIDS by 


IN FILEDGE, the special con- 
ditions encountered in grinding 
are met by a sulpho-napthenic 
base with low fat content. 
Therefore, there is no deterior- 
ation of the free-cutting quali- 
ties of the wheel due to 
loading, with consequent 
burnishing overheating 
of the work. 

Its usage speeds output, per- 
mits the use of finer grits and 
results in a better finish and is 
therefore an important con- 
tribution to grinding tech- 
nique. Our Publication SP 173 
is most informative. May 
we send you a copy? 


FLETCHER MILLER LTD., HYDE, NEAR MANCHESTER, Branch Works at LONDON, WEST BROMWICH & GLASGOW 
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Properties and temper 


No. 194 Alloy No. 63 Alloy 


Ni —96%, Ni 
Mn 4” 

Cr ? 
Si 
Mn 2 Fe 


Silicon Nickel 
Si 2% 


in SPARK PLUG ALLOYS 


GIVING THE BEST MANUFACTURING CONDITIONS 


Spark plug alloys are no great problem in melting 
or rolling or drawing. But to provide a wire with 
just those physical properties and temper that a 
spark plug manufacturer requires demands some- 
thing more than normal knowledge and normal 
care. 

Round wire must have, besides a clean smooth 
surface, enough softness for the wire to function 
satisfactorily in a stamping machine, yet with the 
stiffness necessary for feeding into the machine. The 
right combination is very critical. 

Flattened wire must have good weldability and 
ductility, with a stiffness that will ensure a proper 
spark gap being maintained over a long period. 
We think we can help you with your own spark 


plug wire problems. 


BRITISH DRIVER-HARRIS co., 
MANCHESTER 15 


‘THE ELECTRICAL ALLOY DATA BOOK’ 


This is a most useful general reference. 


Copies on request, 
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In 6 grades from soft to 
rock hard, and 4 qualities 
from medium grey to 
superfine, high quality 
white, our range of polish- 
ing bobs includes the ideal 
wheel for every class of 
work. Send today for our 
free, illustrated brochure. 


With greatly increased 
factory capacity we are 
now able to offer quick 
delivery 


C00 


Please send all enquiries to Head office and Works :— 
COOPER & CO., (B’HAM) LTD., BRYNMAWR, BRECONSHIRE 
Telephone : Brynmawr 312. Telegrams : “ Felting, Brynmawr.”’ 
Registered Office and Works : Little King Street, Birmingham. 


accurate 
torque 
loading 


The ACRATORK spanner 

is fully automatic. It can 

be used by unskilled labour 
with precision results. With 
ACRATORK it is impossible to 
exceed the pre-set torque load 

and its accuracy is unaffected by 
side loads. 8 standard models to 
suit a wide range of applications for 
loads up to 250 Ibs. /ft. Larger models 
supplied to special order. 


MARK Vi PRECISION TORQUE SPANNER 


WORLD PATENTS APPLIED FOR 


WORLD OISTRIBUTORS 


CORY BROTHERS & CO. LTD. 


Corys’ Buildings, Cardiff. Tel: Cardiff 31141 
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USE 


CLANCEY 


CAST-IRON 


VALVE GUIDES « TAPPETS 


"BELLE VALE - HALESOWEN 


CRADLEY HEATH 6941II-2-3 


in natural and 
synthetic rubbers 
Consult REDFERN’S 
at an early stage 
in your planning 
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Our rubber technologists - naturally enough—have 
a highly specialised knowledge of the processing 
characteristics of rubber. They are always ready to 
collaborate with designers, at all or any stages of 
product development. Their experience can help to 
simplify problems arising before and during pro- 
duction and save both time and money. 

In planning ahead, it pays to consult Redfern’s ! 


Specialists in Moulded Extruded and Handbuilt Rubber Parts 


REDFERN’S RUBBER WORKS LIMITED 
HYDE . CHESHIRE . Tel: HYDE 621 


hf 
— Uf 
fh fu 4 4 
lim, .) 
SUPPLIED AS CASTINGS on FULLY MACHINED 4 lta 
G-CLANCEY 
TP,275 
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THE )|)) wine) ‘t RANGE OF HIGH 
QUALITY SPECIAL PURPOSE 
STEELS 


SPECIAL ALLOY AND CAKKHON STEELS, 
Black Rolled, Bright Drawn or Smooth 
Ground, in the Heat Treated or untreated 
condition 
Ct TTING STEFLS, HEATING  KESISTING 
STEELS, DIF STEELS, SHEAR BLADE STEELS, HIGH 
SPEED TOOL STEELS, STAINLESS STEELS, VALVE 
“DUNELT"” Hollow Steel Bars with 
holes of maximum smoothne 
‘DUNELI 

ocess are available in rounds % 
4in. diameter, holes to 
diameter, in lengths up to 40ft. 

and 


Bars in 
diameters 
to Yin 
Success in our business depends We 


and upwards. 


largely on versatility, and we \ 
; DUNFORD & ELLIOTT 
think we have achieved it. Our SHEFFIELD) LIMITED 


Head Office : Attercliffe Wharf Works, Sheffie'd 9 
‘ to ac Telephone Nos.: 41121 (Slincs). Telegrams: *Blcoms, 
range of prod ucts IS a W ide Sheffield, 9." Branches at London ind Birmingham. 


, ENGINEERING DEPARTMENT—HEAT TREATMENT DEPART- 
one—from an All Metal House MENT—BRIGHT DRAWING DEPARTMENT, Attercliffe : 
ROLLING MILLS, Attercliifie, and Clay Wheels Lane, Wadsley 
Bridge, Sheffield. 


to a Microphone Crystal Holder. _ 


Our research and Development 


Department is available to the 


trade for assisting in the design of 


products to give the most 


economic method of production, 
and finishing, from our self 
contained factory. 

Give us the opportunity of 
quoting for your pressings and 


fabrications. 


PROOUCTS 


ADAMS BROS. & BURNLEY LTD. 


Elmgrove Road, Harrow, Middlesex 


Telephone: Harrow 6411 (5 lines) 


AMAL LTD HOLDFORD ROAD WITTON - BIRMINGHAM 6 
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Look for the CEJ Trade Mark when you buy 
gauges. CEJ Plug and Ring Gauges are 

in steadily increasing demand throughout industry. 
Their precision production and exemplary 

accuracy ensure complete satisfaction. They 
conform fully to the appropriate British Standards. 


RING GAUGES 


PLUG GAUGES 

Thread ground from the solid 
after hardening, thus ensuring 

correct form, pitch and size. 

Illustrated are the 

Full Form GO and the NOT GO Core 
Plug Gauge and the Full Form GO and 

the NOT GO Effective Plug Gauge. 
RING GAUGES All, except the smaller 
sizes, are thread ground from the solid. The 
smaller sizes are screw cut and then lapped to size 
after hardening. — Illustrated is the Full Form GO 

Ring Gauge. 

% SPECIALS can be made in any form of thread to the 
same degrees of accuracy and performance as the standard 
range. 


sON-EFD: SOUTHFIELDS RD. DUNSTABLE BEDS. TEL: DUNSTABLE 422/3 


INSTRUMENTS 


YOU 


can have cheaper production and better 
quality by using the methods of non- 


destructive testing. 


WK 


provide the equipment, the service and 
the advice for non-destructive testing. 
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‘ 
150 kVp mobile X-ray unit for N.D.T hee! 
SOLUS-SCHALL LIMITED 
18,NEW CAVENDISH STREET. LONDON 
X-RAY. GAMMA RAY.ULTRASONIC.MAGNETIC 
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a first class performance 


Wherever performance is of 
vital importance, it is safer to 
specify Weston Oil Seals before- 
hand... to make certain of 
a first class performance. 


it is always safer to fit 
WESTON OIL SEALS 


Write or phone for fu nformation to - 


BIRMINGHAM 
MIDLAND 6952 


CHARLES WESTON & COLTD IRWELL BANK WORKS DOL oREER 


LONDON PENDLETON SALFORD 6 Phone PENDLETON 2657-89 


HOLBORN 0414 
P.2621 
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lonore this 
and it may 


Faulty ignition, indifferent lighting, inefficient 
charging, all cause delay and consequent loss 
of money. At the first sign of any of these 
danger signals. do the wise thing, have your 
truck rewired with AERIALITE, the Safe, 
Dependable Auto Cable. 


AERIALITE LTD., STALYBRIDGE, Cheshire 


"Sa fe, Dep endable 


TECHNIGAL 
BOOK SERVICE 


for the 
Automobile 
Industry 


For all your technical books 
and periodicals you need go no 
further than the nearest shop or bookstall 

of W.H.S. Whilst it is not practicable to maintain a 
big stock of such books at every branch—the Daily 
Supply Service from Head Office will quickly 
deliver the books you want to your local branch. 


7 We will gladly supply lists of the standard works 
on any subject and welcome inquiries from 


students and librarians. 
Our Postal Service can send technical books and 
periodicals to any address at Home or Overseas. 


W. H. Smith & Son 


TECHNICAL BOOK SERVICE 


HEAD OFFICE: STRAND HOUSE, LONDON, W.C.2 
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“SONS & CASSELL 
10, LLOYD'S AVENUE LONDON -E.C.3. Phone ROYAL 4861 


GEAR TOOTH ROUNDING 
and CHAMFERING MACHINES 


Automatic Operation, High Produc- 
tion Rates on External and Internal 
Gears, Starter Rings, etc. 


We also manufacture Rotary Cam 
and Profile Milling Machines, Short 
Thread Milling Machines, Multiple 


ENGINEERING CO. LTD. 


Machines, End Facing and Centring 


Machines, Special Machine Tools for 
COVENTRY coventry 8641 High Production. 


Rathbone] 1664 
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It isn't a magic key or any- 
thing like chat. It just so hap- 


pens that we have been called 

in onso many tricky questions LEAVE 17 Tg 
over the last thirty years that 

we now know the answer to &> {-]//f £4 
most of them. Wouldn't it 

be a good idea to see us CO OF REDDITCH 
about your new project’? 

Estab. 1919. A.J1.D. approved 


THE LEWIS SPRING CO. LTD. 


RESILIENT WORKS, REDDITCH. 
Telephone : Redditch 720112 


LONDON OFFICE : 
321 HIGH HOLBORN, W.C.1 Telephone : Holborn 7479 & 7470 


Large Diagrams 
up to 


No complex 
electric cir- 
cuits. Replace- 
ments are 
negligible. No 
glass compo- 
nents. Sim- 
plicity ensures ready understanding and manipulation 
without special knowledge. Very large diagrams. No 
Photography, thus saving time and trouble. Calibration 
Lines can be recorded while 
taking Diagrams. 


DOBBIE M°INNES LTD 


Engineering Instruments 
BROOMLOAN RD GLASGOW SWI 


Also at SOUTH SHIELDS LIVERPOOL LONDON 
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Avital part 
of production 


Two hands belonging to a skilled worker. 
Where would the drive for more 
production be without them? They deserve 
the best press guards made today. 

And you have a right to expect that your 
consideration will not result in a fall in 


output. The answer is, of course, the 
‘Fastrip’ Synchronised Guard for more 


production and greater safety. 
Send for full details today. 


j. P. UDAL 


INTERLOCK WORKS, COURT ROAD, BIRMINGHAM, 12 
Telephone : CALthorpe 3114 


TEISEN 


CONTINUOUS TYPE 


MOULD 
FIRING 
FURNACES 


FOR INVESTMENT CASTINGS 


MODIFIED AUSTENAL PROCESS 
GAS OR OIL FIRED WITH TEISEN 120 


AUTOMATIC TEMPERATURE CONTROL View of recent installation in important 
aircraft works showing discharge end of a TEISEN 


continuous gas fired Mould Firing Furnace, and a 
Wax melting oven on the left. 


KINGS FURNACE ENGINEER & CONTRACTOR TETE, 
224 [3 lines] ECKERSALL RD., KINGS NORTON, B’HAM, 30 
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WHILE PRODUCTION 


You may fully recognize what a great help reglazing 
can be to production, by giving more daylight, yet hesitate to 


this work because fear it may involve 


commission you 
considerable loss of production time. If this is your fear, delay 
no longer—as we can carry out the whole of your re-roofing 
without stopping or slowing down your production for a single 


second! 


Rounds, 


and Flats. 


Super Freecutting 


“PHOENIX” Freecutting 


Hexagons, Squares 


STEEL 
PARTS 


SPARTAN WORKS - WEST § WEST ‘BROMWICH STAFFS 


TELEPHONE 


TIPTON 2191 


TELEGRAMS 


WEST BROMWICH 


“SPARTAN” 


W. H. HEYWOOD & CO. LTD., 
HUDDERSFIELD. Tel. 6594 (5 lines) 


Newcastie-on-Tyne, Belfast, Dublin 


Branches at London, Manchester, 
Liverpool, Birmingham, Bristol, 


Leicester, 


Plymouth, Nottingham, Glasgow and Edinburgh. 
ndh 787 


WHYTE COLLINS LTD | 


KELVIN WORKS FENTON: STOKE-ON-TRENT | on TRENT 
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NON - FERROUS 
CASTINGS 


Made in a modern foundry planned 
for the production of non-ferrous sand 
castings, up to one ton in weight-= 
tal hosph bronze, 
aluminium 


in g 
manganese bronze, 
bronze and aluminium alloy. -with 
a reputation for purity, uniformity 
and durability. 


A typical casting in 
high-strength 
Manganese Bronze. 


TELEPHONE 
STOKE-ON.-T. 


TELEGRAMS | 


SM/YC.471b 
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THE MOSS GEAR CO 
Phone: ERDington 1661-6 


MOSS GEARS 


WORKS, TYBURN, BIRMINGHAM, 24 


Grams ““Mosgear Birmingham 


Improved drive to magnetic temylet follower 
Sight glass in gearbox indicates correct oil level 
Oxygen control panel with cutting chart, gauges 
and regulator grouped together. 

Rotary rheostat for sensitive control of cutting 
speed. Adjustatle during progress of cut. 


New M.C, 6 cutter. Low pressure injector type 
using the proven one-piece nozzles. Ample size 
gas controls. Duratle chromium plate finish. 
Lead screws easily and accurately adjust the tem 
plet to the workpiece. 

Master control valve for instantaneous cut-off of 
both heating and cutting gases. 


Circle cutting attachment available to order 


Write for full details THE BRI TISH Ox YGEN co LTD 


LONDON & BRANCHES 
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SERVICE 


Representatives of Seal-less Strapping are avail 
able in all parts of the country to advise you 
without obligation of the many handling econo- 
mies you can effect through Seal-less Strapping 


A phone call or postcard to Head Office will bring 
a representative qualified to give expert advice 
on your particular problems and to demonstrate 
the Seal-less Strapping System on your own 
packing floor. 


All users of Seal-less Strapping are visited regu- 
larly by representatives of the Seal-less Service 
Organisation, to ensure that Seal-less equipment 


Petters is maintained in perfect order. 


*“Superscavenge’ 
two-stroke diesel engine 
cylinder showing the 84” bore 


Monochrome processed with 


perfect oil-control provided by 
HONE YCHROME cellular surface 


Photo by courtesy of 


SEAL-LESS STRAPPING LTD. 


Hurton-on-the- Wolds 
Loughborough yy 19/21, Southwark Street, London, S.E.1. (Telephone No. HOP 4224) 


@ Highest Quality 
@ Good Deliveries 
gv @ Closest Co-operation 
| at all stages of 
Design and \ a 
Re) 


anufacture 
have GEORGE | 


es 


WEARING | 
ftihe wor king Phone : WES 0092 Established 1850 
life MEKELITE 


.. if they are Honeychrome processed by => 
INDUSTRIAL 


LIGHTING 
UNITS 


STUDLEY ROAD - REDDITCH + WORCS 


Telephone: Studley 121234 For wall, bench or machine ing Catalogue sent free on request, 
MEK-ELEK Engineering Ltd., 
22165A GLOVERS 17, Western Road, Mitcham, Surrey. 
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Every move the passenger makes, every move the 
vehicle makes, and every move you make on 
seating design, affects travelling comfort. 
TE XFOAM and HAIRLOK have been put 
to the most exacting tests under the severest 
operating conditions and have proved 
that seating problems can be overcome 
at the minimum cost. 
We shall be glad to collaborate with you 


on any seating problem. 


IDDESLEIGH HOUSE, CAXTON STREET, LONDON, 5S.W.1 
Telephone: ABBEY 6722 


Every process of manufacture of Spencer Tools, from 
melting to finish grinding is under one control. This 
close co-operation between steelmaker and toolmaker 


_ guarantees the efficiency of the finished product. 


SPENCER 
FROM SPENCER STEELS 


STANDARD & 
SUPER GRADES 


spencerspecia. CUTTERS, REAMERS 
“VELOS HOBS, DRILLS, FILES 


High Speed Steel and Tools. 
** TRIPLE CRESCENT "’ 

Alloy Tool Steels, Broaches. 
Stay Taps, Machine Parts, etc. 
**CRESCENT"’ 

Tool Stee! and Tools 


WALTER SPENCER & CO. LTD., CRESCENT STEEL WORKS, SHEFFIELD, 4 


Telephene: 25291 (2 Sines) Telegrams: “CRESCENT SHEFFIELD 4” 
AND AT LONDON : BIRMINGHAM - MANCHESTER 
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CLASSIFIED ADVERTISEMENTS 


NTERNATIONAL Harvester Company, 


RATE 44. per word, minimum 4/-. Each 


Equ pment, Wheatley Hall Road, Doncaster, 
require: Senior Draughtsmen, Jig and Tool, Tool 
Pp ments tor the Eng-neers ,knowledge of perishable tools. Age 


March, 1953, issue should be to hand 
not later than first post February 25th. No 


responsibility accepted for errors. for the AUTOMOBILE opening tor 


RESEARC ‘H Engineer required for the Engine 
Research Laboratory of a large engineering 
firm in the Midlands Work will be mainly 
concerned with investigations into high duty air 
and liquid-cooled p.ston engines and related 
mechanisms. The work tackled is interesting and 
wide in scope. Salary dependent upon age and 
past experience. Apply Box 5055, c/o ALE 
QE NIOR Design Draughtsman required at once 
** to lead a drawing office section dealing with 
small air compressors, vacuum pumps, small 
pumps for oil and water. Man having experience 
of small petrol engines would probably be suit- 
able. Good salary and Pension Scheme. Please 
apply, stating experience, age and salary, to Chief 
Engineer, Clayton Dewandre Co., Ltd., Lincoln 
"HE Villiers Engineering Company Limited, 
Marston Road, Wolverhampton, require the 
services of an experienced Des.gner/Draughtsman 
for internal combustion engines and transmission 
work The position offers unique opportunity 
and oR for a suitable man A Degree or 


Higher National Certificate in Eng-neering desir on VERY Important Sale of Modern Tool Room 
able good salary with future prospects, es ecificatl Plant (New and Rebuilt). 
with Superannuation Scheme is offered de to customer SP ‘ centres, Herbert 
Apply in writing giving full particulars of educa e and Ward Capstan Lathes, New Kellenberger 
tion, experience, age and salary required to Ma antity- bar Precision Borer, Bench, Pillar and Radial Drills, 
Personnel Manager at above address [4633 in any qu from the Universal and Plain Milling Machines, Newall 
JE require an Engineer primarily for the : rts Jig Boring Machine, Power Hacksaws, Crank 
design development of industrial vehicles For precision P icularly those Shapers, Surface and Tool and Cutter Grinders, 
The must have at least some experience me al, arti y the New Seest 
of the design of battery electric and 1L.C. engined an e crankshaft Grinder, Jew ine and Con-rod 
vehicles, but a wide general experience of design in Y e no roduc ocess Boring Machines, Power and Hand Presses; Air 
ing for medium quantity production is more which ar hreaded pr Compressors, Machine Equipment, Inspection and 
essential, The position is permanent, the work \d head or rollt ecialist — Fe oa — Engineers’ Small Tools 
is interesting and carries a substantial salary for fe} S$ and Stock-in-Trade. 
a man with really useful experience and onsult the P EOPOLD FARMER & Sons will sell the above 
qualifications. Write giving full details which will ar 4 by Auction at the Conservative Hall, Chertsey 
be treated in strict confidence, to inists- TPHURSDAyY, 12th March, 1953, at 11 a.m. 
"TECHNICAL Director, Conveyancer Fork machint 


Trucks Limited, Warrington, Lancs [4634 


M.C.L. & REPETITION LTD. OGUES (price 6d. each) of Leopold 


Weapon propulsion Applicants must be 
experienced in the design of automobile or aero POOL LANE - LANGLEY - BIRMINGHAM Auctioneers and Valuers, 46, Gresham Street, 
engines or other precision engineering pro,ects Telephone: Broadwell 1115 (4 lines) and 1757. London, E.C.2. Tel.: Mon. 3422. [4639 


Engineering degree or HN. desirable, but 


evidence of applied creative ability will receive WANTED immediately: surp!us or clearance 
first consideration. Good salary, Superannuation stocks of “ Jubilee Clips’ or equivalent, 
Scheme, etc. Applications stating age, qualifica —E must be in good condition. State sizes, approx. 
tions and experience to the Personnel Manager, on Holdens quantities, prices and where lying. Immediate 
The Bristol Aerop'ane Company Limited, Eng’ne cash settlement offered for suitable lots. Box 

{4 $054, ile Engi [4630 


Division, Filton House, Bristol 635 


BALL & ROLLER BEARINGS | 


Steel Needle 
Balls a Bearings 


Quick Delivery 


INSLEY LTD 


21-22 Poland St., London W.1. GER 8104 & 2730 


QUICK DETACHABLE PIPE COUPLING 


for use on trailers with tractor controlled position, Rotate sleeve safety 
brakes. Body ‘A’ fixed on back of lock 
tractor, operation is as follows: Couplings rustproofed. Can be used OPTIM UM HARDNESS & S TREN G TH 
Move sleeve ‘B’ back, this allows steel for vacuum or pressure. Standardised 
balls to open and release cone by S.M.M.T.; in) general use in 
When connecting, hold sleeve *B’ America. Sate working load of 4,000 Particulars from 


a while inserting cone _Internal Ibs. per sq. inch Can be supplied with N iT RALL OY LI M ITE D 


spring then returns sleeve to “locked an automatic shut-oll valve 


25, TAPTONVILLE ROAD 
FEENY & JOHNSON LTD WEMBLEY 


Telephone: WEMbley 4801/2 


COTTON BAGS] 


FOR SPARE PARTS Etc. 
Walter H. Feltham & Son Ltd 


Works, Tower Bridge Road 
: HOP 1784. LONDON, S.E.1 


Imperial 
Telephone 


Manufacturers of Agricultural Machinery and 


25-40. Men with H.N.C. preferred. Write 


qualified Engineer to take entire charge of 
INDUSTRY new department of well known firm to produce 
and market fully proved system of power assisted 
steering gear for automotive vehicles. Write in 
confidence to Box 5056, c/o Automobile Engineer 
JS NGINE 3ER under 35 as Technical Represen 
4 tative for manufacturers of components used 
in the Motor and Engineering industries; appren 
ticeship or equivalent training, preferably with a 
vehicle manufacturer; engineering degree or 
membership of the I.Mech.E. desirable; person 
ality and ability to m.x essential; salary according 
to experience and qualifications; expenses and 
car provided; location in London, but must be 
willing to travel anywhere in British Isles. Box 
5053, c/o Automobile Engineer [4637 
AUCTIONS 
B: Order of Valcrad Tool and Engineering Co., 
Ltd., who are discontinuing the Engineering 
Branch of their Business. 
H{ANWORTH Lane, Chertsey, Surrey. 


O* View Three Days Prior and Morning of 


4 


Farmer & Sons, Plant and Machinery 


c/o Automobile Engineer 


THE ANTI-FRICTION BEARING CO. LTD., 
HARFORD STREET, 
BIRMINGHAM, 19. 

Manufacturers of Plain Bearings in Gun 

Metal Steel and White Metal. 


Tel. Nos: NORthern 2024-5 
Tel. Add: “Antifric’’ ‘Phone, Birmingham, 19. 


NITRIDED 


NITRALLOY 
STEEL 


SHEFFIELD 10 


Sheffield 60689 Telegrams: Nitralloy, Sheffield. 


Telephone: 


NORTHERN AUTOMATIC SCREW CO. LTD. 


CONSISTENT ACCURACY... 
..tn precision auto-lurned parts 


Trouble-free assembly is guaranteed by first class workmanship 
and modern plant. Quantity production of parts turned to your 
own specification, up to a maximum diameter of 14”, A.R.B. 
Approved. 


| 
| 
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PRECISION 
Ground Thread 


TAPS 


The name “INTAL” appearing on every 
Ground Thread Tap delivered to you 
is a guarantee of the highest standards 
of precision. Thousands of these high- 
precision Taps leave our works every 
week to carry out the most exacting 
tasks. Remember, we can supply 
“INTAL” Precision Ground Thread 
Taps for every purpose and of any 
size and length, all threads, to cope 
with any particular production problem. 


In the “INTAL" factories is to be 
found a team of highly-skilled crafts- 
men who take a pride in the produc- 
tion of Ground Thread Taps to the 


highest standards of precision. A 7o @ 

thorough inspection is assured by the (4 be Preclse age INTIAL 
employment of the latest methods 

which ensure perfect accuracy. PRECISION GROUND THREAD TAPS 


THE INTERNATIONAL TWIST DRILL COMPANY. LIMITED Telephone 23072 - 3 
INTAL WORKS WATERY STREET SHEFFIELD Telegrams “Fluted” Sheffield. 


Such is the demand for the world-renowned CLAYLON Electric Hoists 
that the increased production involved has enabled us to make economies 
despite the general rise in costs, and without lowering the high quality 
which is synonymous with all CLAYTON products. 

We therefore have much pleasure in advising a reduction in the price of 


al. sizes and types of CLAYTON Electric Hoists. 


Send for Catalogue 48o0b, 


CLAY TON 


It’s child’s play with. . 


THE CLAYTON CRANE & HOIST COMPANY LIMITED 
IRWELL CHAMBERS FAST UNION STREET LIVERPOOL, 3 


CENtrai lines Grams) CLAYMAG LIVERPOOL 
Represented in most principal countries, 
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gear for 


“ The fine finish obtained with Sulfloid straight cutting 
oil permits a minimum of stock to be left on the 
subsequent grinding operations.” 

Say Messrs. Gear Grinding Co. Ltd. 


MACHINING TIMES 
AND COSTS 


Aconstant pinion shaft @& 


cut for Jaguar Cars on © 
a Maxicut 2A. 

EN 398 - 85 tons tensile 
26 teeth ( D 
23 helix 


Material 


11A ALBEMARLE STREET, LONDON. 
Works: LONDON (Phone: EAST 1788) 


MATERIALLY REDUCES 


WOLVERHAMPTON (Phone: 22591) 


Photograph by 
courtesy of The 
Gear Grinding 
Co. Ltd. Shirley, 
B’ham. 


MAYFAIR 
BATLEY, YORKS (Phone: BATLEY 1271) 
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and the 


is at work! 


Whether it is the anti-vibration base for heavy machinery, or whether 


it’s the little felt washer on a ball-pen, Bury Felt tackles the job with 
confidence. This versatile material has a hundred and one different 
uses in industry. There are different types and textures for all kinds of 
work from finishing and polishing to ‘safety-first’ packaging. Write 


to us about your problem — it is likely that Bury Felt can solve it. 


BURY FELT MANUFACTURING CO. LTD, HUDCAR MILLS, BURY, LANCS 


London Offices: 3 Snow Hill, ECI Central 4448 - 
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Domestic Gas Meter is the outcome of 
he closest possible co-operation between 
the Drawing Office, Staff ; 


enthusiasm and keenne 
people, the success of our meter would not 


YOU GET MORE THAN 
CASTING FROM 


BIRMAL 


Before the foundry came into the picture, 
our Drawing Office gave Begwaco Meters 
——— Ltd. valuable assistance in the develop- 
 mentofthe cast components. This Design 

—= Consulting Service is typical of the extra 
3 you get from Birmal ... more objective 
; advice in the selection of material and 
=== _ casting process, a wide range of specifica- 
= tions, close foundry/workshop co-operation, 
and the specialised attention of every de- 
partment in the handling of the unusual project. 


BIRMINGHAM ALUMINIUM CASTING (1903) CO. LTD. 
BIRMID WORKS - SMETHWICK - BIRMINGHAM 40 


Whi 


: 
ur Begwaco All Die-Cast cast Ligh) tAlloy 
have been possible On the the production 
ee 3 side, we can always rely onthe complete 
co-operation which is syno ynymous 
BEGWACO METERS LTD. = 
= 
= & 
: 
= : 
8| 


